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Because we’ll recycle over 200 million plastic 


BOTTLES THIS YEAR, LANDFILLS CAN BE FILLED WITH OTHER THINGS 

Like land, for instance. 




We can’t make more land. But we can do 
more to protect what we have. In fact, this 
year Phillips Petroleum’s plastics recy¬ 
cling plant will process over 200 million 
containers.This effort will help reduce landfill 


waste and conserve natural resources. And 
that will leave another little comer of the 
world all alone. At Phillips, that’s what i t means 
to be The Performance Company. <pjgg|> 

PHILLIPS PETROLEUM COMPANY ® 


For an annual report on Phillips’ health, environmental and safety petfoimance, write to: HES Report, 16 A1 PB, Bartlesville, OK 74004, 

or visit us at www.phillips66.com. 
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Raytheon makes it 

EASIER TO LAND AIRCRAFT ALL 
OVER THE WORLD, AND THE 
RIG ONE ON WEEKENDS. 




'n today’s world we’re constantly surrounded by improving 
technology. There’s always a better way to land airplanes, make 
phone calls, or even catch fish. And creating that better way of 
doing things is where Raytheon comes in. • You may know us 
for our work in defense. Well, we’ve taken mHI 
our defense technologies and adapted them 
to make people’s everyday lives a little 
easier. * * As a global company committed 
to continued growth in our commercial 
and defense businesses, we operate in four 
core business areas: commercial and gov¬ 
ernment electronic systems, engineering and construction, aircraft, 
and appliances. * You never have to go far to see how Raytheon 
affects your life. Advanced technology is part of everything 
we do: from our air traffic control systems to our Terminal 
Doppler Weather Radar which detects sudden hazardous weather 
in and around airports. And our wide-area environmental sur¬ 
veillance system will use remote satellite sensing and imagery to 
protect a country’s natural resources. • Raytheon Engineers & 



Constructors, the world’s leading builder of independent power 
plants, provides the power that lights your way at night. 

• Raytheon Appliances’ flagship brand, Amana, is constantly 
bringing new and innovative products to market with a full 
line of refrigerators, gas and electric 
ranges, microwave ovens, and commer¬ 
cial and home laundry equipment. 

* Raytheon Aircraft, a world leader in 
general aviation, has combined the lega¬ 
cies of Beech and Hawker to provide 
the broadest range of aircraft in the 
industry. Our newest aircraft, the Raytheon Premier I business 
jet, offers the optimal balance of comfort, peformance, and 
value. And shows our commitment to improving air travel for 
years to come. • So whether it’s landing airplanes or a striper, 
Raytheon will continue to develop products and systems that help 
make lives easier, better, and safer. Tor more information, call 
(617) 860-2736, or visit our Internet f|3yH|QQ[| 
site at http: // www.raytheon.com. Expect great things 


Raytheon supplies fishfinders 

AND OTHER MARINE ELECTRONICS 
EQUIPMENT WORLDWIDE. 
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mars & co 


• we are a strategy consulting firm serving 
top management of leading corporations; 

• since our inception in 1979, we have chosen 
to work for a limited number of leading 
international firms with whom we build 
long-term relationships; 

• we apply fact-based, quantitative analysis to 
competitive problems and get involved in the 
implementation of our recommendations; 

• we develop consultants with cross-industry 
and cross-functional experience; 

• we promote from within; 

• we are looking for well-balanced recent 
graduates with exceptional and demonstrable 
quantitative abilities and language skills 

to join at an entry level; 

• if you wish to join our team, please send 
your resume to francine even at u mars plaza” 
124 mason street, greenwich, Connecticut 06830. 


•pans - london - new york - san francisco 







Jp\ N a windy, bitterly cold night in 
March, some 2,000 people 
f crowded the Harvard Smithso- 

% nian Center for Astrophysics in 

Cambridge, Mass., to check out the comet 
Hale-Bopp from a telescope. Only after 
hours of standing in lines did some of us 
learn that the show was equally good 
through binoculars. Still, the mutual inter¬ 
est created something of a party atmo¬ 
sphere; we enjoyed one another while we 
waited. 

Another evening, after disembarking 
from a commuter bus, I startled upon 
glimpsing the comet—which caused a 
woman walking past to stop, look up, and 
begin chatting with me about its rare visit 
as we trudged along to our homes. And a 
third night, when my family and I took a 
quick trip to witness the celestial object in 
the solitary darkness of the nearby coun¬ 
tryside, another family seemed to material¬ 
ize out of nowhere. With our kids sleeping 
in the cars, we parents stood in a field sur¬ 
rounded by spring peepers and just looked 
up, sharing our sense of awe. Hale-Bopp, 
shining so strongly after a 4,200-year hia¬ 
tus, provided a common ground, so to 
speak, for people to breach their usual 
boundaries. 

Most often Technology Review focuses 
on the implications of technology, the 
application of science, an emphasis with 
which I am delighted. No matter whether 
science rings one’s chimes or not, I tell peo¬ 
ple unfamiliar with the publication that 
our magazine is an important read be¬ 
cause of the omnipresent role of technol¬ 
ogy in our lives. And unless we consider its 
ramifications we have no hope of control¬ 
ling them. I am a practical person, happy 
to be grounded in the topics Technology 
Review delves into repeatedly. Still, once 
in a while a natural event such as Hale- 
Bopp stirs up in me—and obviously in 
huge numbers of others as well—a very 
different set of emotions. 

At Technology Review we refer to won¬ 
derful stories about pure science as 
“brighteners,” and we enjoy presenting 
them. Extending the term’s use a bit, I’d 
like to suggest that all of us remember the 
importance of paying homage to bright¬ 
eners of nature: the booming thunder¬ 
storm, the sparkling meteor shower, the 
unexpectedly heavy snowfall, even the 
leafing out of a tree in spring or the curl¬ 



ing of a woolly-bear caterpillar on a path. 

How do we respect such events? First, 
we need to remember to stop long enough 
to attend to them. Kids do so all the time— 
sometimes to parents’ exasperation—but 
we adults are often too busy churning 
through the details of our day-to-day 
responsibilities. (The growing amount of 
information we must process doesn’t 
help—see “Data Smog: Surviving the Info 
Glut” by David Shenk in Technology 
Review’s May/June 1997 issue.) 

Stopping provides significant benefits. 
At one level, notable natural occurrences 
can help us center our lives; Hale-Bopp led 
me to consider the vastness of time and in 
turn renewed my perspective on my usual 
activities. As many of us know from expe¬ 
rience, striking natural events can also lead 
us into rewarding paths of inquiry: scien¬ 
tific, aesthetic, or some measure of both. 
And nature’s brighteners can help us to 
remember our shared connections and 
to communicate a little more with one 
another. 

The possibilities for investigation and 
communication are even broader, I believe. 
Perhaps we—and here I particularly mean 
Technology Review readers, who generally 
have backgrounds in science and engineer¬ 
ing—can best pay tribute to natural phe¬ 
nomena by helping others explore and 
understand them. The local school system 
is one obvious outlet: either directly or by 


working with their teachers, we can help 
kids to talk about clouds and eclipses and 
life in ponds and to start down their own 
paths of scientific and aesthetic inquiry. 
Alternatives to schools include volunteer¬ 
ing at museums, after-school programs, 
nature centers, or camps—perhaps help¬ 
ing such institutions to develop programs 
or learn the latest scientific thinking in a 
particular field. Or we can query editors 
of publications intended for popular audi¬ 
ences about writing articles—crisply, 
cleanly, and with a sense of storytelling and 
what’s new—about topics that stir us and 
might similarly affect readers. If we’re 
really feeling feisty, we can even try to 
interest politicians in science—knowledge 
that could have subtle and positive effects 
on laws and policies. 

Leaders in the scientific community can 
exert a particularly salutary, and multi¬ 
plier, effect. For example, Leroy Hood, the 
founder of the Department of Molecular 
Biotechnology at the University of Wash¬ 
ington and inventor of the machine used 
for sequencing genetic information, is 
encouraging researchers in his large labo¬ 
ratory to spend 5 to 10 percent of their 
working hours teaching primary- and sec¬ 
ondary-grade teachers. 

Alan Hale—whose name, because of his 
role as one of its discoverers, graces the 
comet that recently visited us—favors sci¬ 
ence education himself. The founder and 
director of an organization concerned with 
providing the public with research oppor¬ 
tunities in astronomy and space science, 
he has decried, in an interview with the 
New York Times , a general lack of scien¬ 
tific understanding, connecting the phe¬ 
nomenon with what he sees as too little 
support for science. 

We should not cower under the mantle 
of being too busy to undertake extracur¬ 
ricular activities involving science and aes¬ 
thetics. Almost everyone has plenty going 
on, but how else are we to make a differ¬ 
ence in the period we have on earth? We 
can thank Hale-Bopp for reminding us 
how little time we have to act as well as 
wish upon a star. ■ 


—Laura van Dam 


Laura van Dam is a senior editor at Technology 
Review. 
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Letters 


The Value of a National 
Ignition Facility 

“The National Ignition Facility: Buyer 
Beware” (TR February/'March 1997) by 
Tom Zamora Collina is based princi¬ 
pally on the incorrect assumption that 
warhead secondaries are not important, 
and that the weapons-stewardship sci¬ 
ence at the National Ignition Facility 
(NIF) would relate only to secondaries. 
There are uncertainties in secondary per¬ 
formance and the science-based stock¬ 
pile stewardship approach must under¬ 
stand and predict rather than react to 
potential problems. But the NIF isn’t 
just for secondaries. 

The NIF is also designed to provide 
a window into the physics regimes of 
high temperature, density, and pressure 
that occur during 
nuclear-weapon 
detonation. These 
regimes occur in 
other environ¬ 
ments such as as¬ 
trophysics, but, in 
controlled labor¬ 
atory conditions, 
only the NIF will 
be able to closely approximate the actual 
conditions that occur in nuclear weapons. 
The NIF’s laser light can be used directly 
or converted to a bath of x-rays as hot as 
the interior of stars. The interaction of 
intense laser light or high-temperature x- 
rays with matter results in shocks, pres¬ 
sures, and material transitions that are 
important in both primary and secondary 
stages of a weapon. The evolution of fea¬ 
tures such as layers, cracks, bubbles, or 
bumps in response to such intense radia¬ 
tion is complex and can be studied at NIF 
on time scales and in dimensions directly 
applicable to maintaining a reliable 
weapons stockpile. 

The NIF is needed to assess the nuclear 
detonation consequences of aging or any 


material change in weapons. The fact 
that information gleaned also has appli¬ 
cations for basic research on materials, 
astrophysics, and fusion energy can only 
be viewed as a strong additional reason 
for supporting the NIF. 

David FI. Crandall 
Director 

Office of Inertial Fusion and the NIF 
Department of Energy 
Washington, D.C. 

Collina buttressed some of his skepticism 
about the NIF with anonymous opin¬ 
ions. For example, while he notes that 
Timothy Coffey, director of research at 
the Naval Research Laboratory, sug¬ 
gested delaying NIF in May 1994, Col¬ 
lina neglects to add that the 12 other 
members of the 1994 NIF review panel 
strongly recommended going ahead. 

Collina says: “Prominent physicists 
recently wrote to Representative Ron 
Dellums (D-Calif.), the ranking Demo¬ 
crat on the House National Security 
Committee, urging his support for the 
project on the grounds that it would be 
‘important to fusion energy and basic 
science.’” Just who are these “promi¬ 
nent physicists” and what did they say 
about NIF and its role in the stockpile 
stewardship program? 

The authors were: Hans Bethe, a 
Nobel laureate at Cornell University 
who was the head of the theoretical divi¬ 
sion of the Manhattan Project and a del¬ 
egate to the first International Test Ban 
Conference in 1958; Henry Kendall, a 
Nobel laureate at MIT who is the 
founder and chair of the Union of Con¬ 
cerned Scientists; and Herbert York, the 
first director of Lawrence Livermore 
National Laboratory, the lead negotia¬ 
tor for the Comprehensive Test Ban 
Treaty from 1979 to 1981, the founder 
of the Institute on Global Conflict and 
Cooperation, and a chancellor of the 
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Letters 


University of California at San Diego. 

The letter that Collina refers to states: 
“The decision about whether such a 
changed weapon will be safe and reli¬ 
able ultimately depends upon the judg¬ 
ment of the weapons scientists—it is not 
an engineering judgment. In turn, the 
judgment of the scientists depends upon 
the availability of sound scientific under¬ 
standing and calculation verified by 
thorough experimentation. ... In a 
regime without nuclear tests, the U.S. 
has no current method of examining 
fusion ignition and the other high tem¬ 
perature and high density processes at 
conditions near those in an exploding 
weapon. The National Ignition Facility 
will play an important role in providing 
the needed information.” Only toward 
the letter’s conclusion do the authors 
note that NIF’s “scientific investigation 
will also be important to fusion energy 
and basic science.” 

To make the best decisions about 
stockpile stewardship, our citizens and 
their elected representatives need as much 
information as possible, and the program 
must be debated fully and fairly. 

Victor H. Reis 
Assistant Secretary for Defense Programs 
Department of Energy 
Washington, D.C. 

Collina supports taking minimal action 
with the nuclear stockpile until problems 
are obvious. Much of his article calls into 
question the impact of stockpile aging. As 
one of several individuals responsible for 
annually certifying the safety and relia¬ 
bility of the stockpile, I feel such a wait- 
and-see-approach would be irresponsible. 
As our recent report “Stockpile Surveil¬ 
lance: Past and Future” shows, the best 
projections indicate an average of one or 
two actionable findings per year in 
nuclear components. Without the tools to 
assess such changes as they occur, there 
is a much greater probability that I would 
have to recommend a nuclear test. 

The author claims that the cost of the 
NIF would be $4.5 billion over a 30- 
year period. The actual cost of con¬ 
structing the NIF is slightly under $1.2 
billion, with all remaining costs associ¬ 


ated with operating the facility. Noth¬ 
ing else in government, at your local 
supermarket, or anywhere else is calcu¬ 
lated in the author’s extended fashion— 
doing so would be the equivalent of 
adding insurance, gas, taxes, mainte¬ 
nance, and salaries of the driver and pas¬ 
sengers to the sticker price of a car. 

After spending the first three-quarters 
of the article questioning the steward¬ 
ship program and the NIF, the author 
argues that they would significantly 
enhance nuclear proliferation by helping 
build nuclear expertise among scientists 
from other countries. The NIF has been 
designed for the stewardsip of the preci¬ 
sion-designed stockpile of the United 
States, but is of little use to countries 
attempting to produce crude nuclear 
weapons. The Department of Energy 
conducted a multiagency review of the 
proliferation issues associated with the 
NIF and concluded that the facility 
posed an acceptable minimal risk. 

C. Bruce Tarter 
Director 

Lawrence Livermore National Laboratory 

Livermore, Calif. 

Collina’s main grievance with stockpile 
stewardship appears to be the amount 
of money the government plans to spend 
on the NIF. What is lost in his diatribe is 
the corollary benefits to our national 
technical community of taking on chal¬ 
lenges such as those presented by the 
NIF: igniting fusion reactions in the lab¬ 
oratory, studying the physics of stellar 
interiors, and greatly extending the capa¬ 
bilities of our nation in areas such as 
lasers, precision optics, high-speed instru¬ 
mentation, and micromanufacturing. 

Stephen O. Dean 
Gaithersburg, Md. 

Cool Ideas 

Since 1992, American Forests, the 
nation’s oldest conservation organiza¬ 
tion, has been demonstrating and 
researching the cool-communities princi¬ 
ples discussed by Arthur H. Rosenfeld, 
Joseph J. Romm, Hashem Akbari, and 
Alan C. Lloyd in “Paint the Town 
White—and Green” (TR February / 


Securing 
Asian Energy 
Investments: 

Geopolitics and 
Implications for 
Business Strategy 


September 11-12, 
1997 at MIT 


The development and growth of Asian 
countries spurs their need for energy 
sources. Meeting that need demands a 
critical interrelation of finance, ecology, 
territory, technology, and trade. In 
the process of creating electric power, 
these forces also create opportunity. 

The symposium 
at MIT on 
September 11-12 
addresses ques¬ 
tions about the 
increasing Asian 
energy demand, 
the manner in 
which that 
demand will be 
met, the environ¬ 
mental and 
geopolitical 
impact, and the 
opportunities 
for, and roles 
of, foreign 
corporations. 

$650; $375 for non-profit/ 
government attendees 

For more information or to 
register contact: 

MIT Conference Services, MIT 
Room 7-111, 77 Massachusetts Ave. 
Cambridge, MA 02139 

Tel: (617) 253-1700, Fax: (617) 253-7002 

Email: register@ilp.mit.edu 
http://ilp.mit.edu/ and click on conferences 



Speakers Include: 

John Deutch, former 
head of the US Central 
Intelligence Agency; 
David Jhirad, Deputy 
Assistant Secretary for 
International Energy 
Policy Trade and 
Investment: Katsuhiko 
Suetsugu, Secretary 
General, Asia-Pacific 
Energy Forum. Chair: 
Richard Samuels, 
Head of the MIT 
Department of Political 
Science and Director, 
MIT Japan Program, 
Massachusetts 
Institute of Technology. 
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March 1997). By monitoring tempera¬ 
tures and vegetation amounts in the 
Atlanta area in 1972, 1983,1986, and 
1993, American Forests has docu¬ 
mented the positive effects of trees on 
summer temperatures, energy conserva¬ 
tion, and air quality over a 20-year 
period. It is dramatically obvious that 
as land cover increases, temperatures 
decline. We have found that along with 
reducing the temperature, trees are also 
saving the city about $50 million a year 
in stormwater-management costs. 

Clearly the most significant finding of 
our study was that cities could save a lot of 
money and create better environments for 
their residents if they incorporated existing 
natural landscapes or pro¬ 
vided more space for trees. 

Since land-use planning 
decisions are made locally, 
we converted the techniques 
we used to map and mea¬ 
sure the Atlanta landscape 
to desktop-computer soft¬ 
ware so that communities 
can use them to explore various planning 
and development options. 

Gary Moll 
American Forests 
Washington, D.C. 

Los Angeles smog does not result sim¬ 
ply from industry dumping waste into 
the air but arises from millions of seem¬ 
ingly innocuous actions by individuals, 
businesses, and industry each day. 
Spurred by the summer heat and sun¬ 
light, the chemicals involved react with 
one another, resulting in smog. 

Initial modeling at the South Coast Air 
Quality Management District indicates 
that a further 5° F rise in temperatures in 
the region would induce as much smog as 
dumping another 200 tons of common 
pollutants into the air each summer day. 
The cost of addressing this smog increase 
with more pollution controls could rise 
into the billions annually. The region’s air- 
clean-up plan thus calls for investigating 
the use of lighter-colored materials in Los 
Angeles to reduce temperatures. 

With such changes, Los Angeles will 
hopefully be able to cut its temperatures 


to near-natural levels, thereby reducing 
air-conditioning costs, making life more 
comfortable, and decreasing smog. But 
then residents will have to face the effect: 
of global warming. 

James M. Lents 
Executive Officer 
South Coast Air Quality Management District 
Diamond Bar, Calif 

Commercial and industrial buildings ofter 
have flat roofs, which appear sterile and 
uninviting, often black and ugly, from the 
air. Why not cultivate mosses, lichens, and 
other similar plants? They would require 
little attention, and, once established 
would not require large amounts of soil, 
which could increase the 
rooftop weight and pose a 
hazard. The hardiness of 
such plants is proven by their 
survival in the tundra above 
the Arctic Circle. Not only 
would such gardens beautify 
our cities from the air, but 
they would help reduce tem¬ 
peratures and pollutants and generate 
oxygen. 

Through their beautiful moss gardens 
the Japanese have converted the use of 
these plants into an art form. Since garden 
ers have traditionally conspired against 
mosses and lichens, the greatest barrier may 
be the negative mind-set toward them. 

Antoni Tabak 
Waterford, Conn 

Chemical Clarification 

In “A Researcher’s Conviction” (TR 
February/March 1997), Seth Shulman 
repeatedly refers to ammonium. In my 
40 years of teaching high-school chem¬ 
istry, I always distinguished carefully 
between ammonia, the NH 3 molecule, 
and ammonium, the NH 4 + ion. Is the 
author referring to the individual com 
pound or to some set of ammonium salts: 

Harry C. Stubbs 
Milton, Mass. 

The author replies: 

I regret the lack of clarity. The patent 
refers to ammonium ions. 

Continued on page 68 
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To determine whether a certain molecule affects spatial memory, researchers had to delete, 
in part icular brain cells at a particular time, tlx gene that produces the substance. The mole¬ 
cule's absence resulted in the purple sliver near the top of this cross-sectioned mouse brain. 


A Mightier Mouse 

One of molecular biology’s might¬ 
iest tools has been the knockout 
mouse. Although its name conjures up 
images of a cartoon animal that boasts, 
“Here I come to save the day” before 
duking it out with evil characters, this 
mouse is no fantasy. The knockout 
mouse has served as a model for human 
diseases and shed light on the workings 
of the brain. Now a new generation of 
knockout mice developed at MIT packs 
an even more powerful punch. 

Knockout mice are laboratory strains 
engineered to lack a specific gene. By 
studying what happens when that gene 
is missing, researchers gain clues to its 
function. Until now the clues were fuzzy, 
says Susumu Tonegawa, director of 
MIT’s Center for Learning and Memory 
and a Nobel laureate. Researchers could 
make a mouse lacking a key gene, but it 
would be missing throughout the 
mouse’s body and its lifetime—from the 
earliest stages of embryonic develop¬ 
ment to death. Because a gene may have 
different functions in different parts of 
the body or at different times, investiga¬ 
tors were hard pressed to draw conclu¬ 
sions from such “first-generation” 
knockout mice about exactly where and 
when the missing gene would have oth¬ 
erwise played a role. 

To zero in on a gene’s function, 
researchers need to knock it out only in 
certain locations or during a narrow 
window of time. That is what Tone¬ 
gawa, Matthew Wilson—an assistant 
professor in the departments of Biology 
and Brain and Cognitive Sciences—and 
investigators at California Institute of 
Technology and Columbia University 
have done. They have created a new 
kind of knockout mouse in which a spe¬ 
cific gene is deleted only in certain cells 
in the brain and only after neural cir¬ 
cuitry has developed. The researchers 
have worked with a gene thought to 


affect the development of spatial mem¬ 
ory, the mechanism by which we navi¬ 
gate familiar environments. 

To create the new strain, the scientists 
attached an “on-off switch”—a stretch 
of DNA called a site-specific promoter 
because it controls activity in particular 
types of cells—to a molecular device that 
chops out genes. German researchers had 
used a similar approach to create a 
mouse strain lacking a gene in immune- 
system cells, but applying the technique 
to the brain was especially tricky, says 
Tonegawa. His group knew the gene 
chopper would work in actively dividing 
cells such as immune cells, but wasn’t 
sure about brain cells, which stop divid¬ 
ing around the time of birth. The 
researchers also weren’t sure that the on- 
off switch would restrict gene deletion 
as precisely as they wanted. Although 
subregions of the brain have quite differ¬ 
ent functions, the anatomy and organiza¬ 
tion of brain cells are virtually identical 
from one subregion to another. The team 
feared the promoter wouldn’t be able to 
distinguish cells in a specific subregion. 

Still, they tried the technique—and 


fortunately, says Tonegawa, “nature 
was kind.” The system worked in the 
brain, and moreover, because the pro¬ 
moter happens to be inactive during 
development, it worked only after the 
neurons had fully formed. In a series of 
papers published late last year in the 
journal Cell, the scientists revealed that 
their “regional gene knockout technol¬ 
ogy” allowed them to determine which 
molecule is responsible for strengthening 
the neural connections that lead to spa¬ 
tial memory, and where that molecule 
exerts its effect. Stopping the gene from 
producing the particular molecule after 
neural development resulted in mice 
that, unlike normal mice, could not learn 
how to get out of a maze after being 
placed in it day after day. To confirm 
that the brains of the knockout mice 
were not undergoing the synaptic 
strengthening necessary to form mental 
maps of the maze, the researchers 
implanted tiny electrodes in the animals’ 
brains and recorded activity from the 
neurons where the gene had been 
knocked out. By contrast, “first-genera¬ 
tion” knockout mice previously devel- 
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oped to study spatial memory had died 
within a day or two, before researchers 
could study them. Apparently the gene 
was critical to survival early on. 

The Cell papers created a stir among 
neuroscientists, who immediately saw 
ways to use regional and time-specific 
gene knockouts to explore other prob¬ 
lems, including neurological disorders. 
Parkinson’s disease, for example, results 
from the death of cells in a part of the 
brain called the substantia nigra. These 
cells normally release the neurotransmit¬ 
ter dopamine, so researchers have as¬ 
sumed that the disease results from the 
lack of dopamine, explains Zach Hall, 
director of the National Institute for Neu¬ 
rological Disorders and Stroke. Giving 
Parkinson’s patients L-dopa, a dopamine 
precursor, lessens their symptoms, but 
only partly and temporarily. Maybe, says 
Hall, that’s because substantia nigra cells 
supply not just dopamine but some other 
essential but unidentified product. Com¬ 
paring the effect of knocking out just the 
genes that make dopamine at a particular 
time with removing the substantia nigra 
cells altogether could help pinpoint 
whether one or more other products play 
a role, he explains. 

Applying the Technique Elsewhere 

One neuroscientist eager to apply the 
new technique is Michael Stryker of the 
University of California, San Francisco. 
Stryker wants to understand the molecu¬ 
lar mechanisms that underlie develop¬ 
ment of the visual cortex—the part of 
the brain that receives and processes 
input from the eyes. Work in his lab and 
others has shown that connections 
among neurons in the visual cortex form 
rather imprecisely at first. During normal 
development, the connections reorganize 
into the specific pattern necessary for 
normal vision—a process referred to as 
visual cortical plasticity. If that doesn’t 
happen, the result can be diminished 


vision, often to the point of blindness. 

Stryker, Alcino Silva, a senior staff 
investigator at Cold Spring Harbor Lab¬ 
oratory in New York, and their col¬ 
leagues have previously experimented 
with first-generation knockout mice in 
an attempt to pinpoint what happens at 
the molecular level when connections in 
the visual cortex reorganize. But the 
results have been inconclusive. Stryker 
hopes that refining his experiments using 
regional and temporal gene knockout 
mice could better test his group’s theory 
that connections in the visual cortex do 
not reorganize properly unless a particu¬ 
lar molecule is present at a specific time 
in development. 

Applying the new knockout technol¬ 
ogy to other parts of the brain such as 
the visual cortex will depend on the dis¬ 
covery of additional DNA sequences 
that turn genes on or off in particular 
regions. Toward this end, investigators 
can create many strains of transgenic 
mice with the same on-off switch. By 
chance, in each strain the switch tends to 
incorporate into a different DNA site. 
The intrinsic property of the switch and 
the DNA site where it integrates, in turn, 
dictate the part of the brain where the 
switch is active. The researchers are then 
picking out for further research those 
strains in which the switches are work¬ 
ing in very specific regions of the brain. 

The Tonegawa team is also trying to 
more precisely control the timing of 
knocking out genes. One way of doing 
this is by injecting a compound that trig¬ 
gers gene deletion. The experimenter can 
control the timing of the deletion by 
injecting the compound at a specific- 
stage of development. 

According to Stryker, this kind of 
work may eventually help researchers 
resolve a question of fundamental in¬ 
terest to neuroscientists: discovering 
“whether the mechanisms responsible 
for learning and memory are really just 
the same ones that are used in develop- 
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ment.” Scientists know much more 
about the molecular mechanisms that 
underlie general development than they 
do about the mechanisms responsible 
for learning and memory. If similar 
processes are involved, many of the 
mysteries of the brain will be made 
clear rapidly. Moreover, says Wilson, 
research that identifies particular mole¬ 
cules at work in memory could eventu¬ 
ally lead to techniques for reducing 
memory loss or even for improving 
normal memory. 

— Nancy Ross-Flanigan 

Spending More 
and Enjoying It Less? 

hgT In a comedy sketch from the early 
iM IillU l fc ’60s, a bereaved Mike Nichols 
approaches funeral director Elaine May 
and asks for the “$65 funeral.” Items he 
thought would be included—the casket, 
the hearse, the driver, the burial—all 
turn out to be extra. Nichols ends up 
much the poorer, but only after endur¬ 
ing a torturous series of purchasing deci¬ 
sions. To Drazen Prelec, scenarios like 
this one illustrate a much neglected fact 
of economic life: while it always hurts 
to pay, some payment schemes make the 
suffering worse than it needs to be. 

The guilt or anxiety we feel over part¬ 
ing with our shekels is a double-edged 
sword. On the plus side, the pain can 
keep us from overspending. But to our 
detriment, it takes some of the pleasure 
out of consuming. “There’s a kind of 
‘moral tax’ that we incur when we pay 
for something,” says Prelec, an associ¬ 
ate professor of management science at 
the MIT Sloan School of Management. 
“When you purchase any good, your 
enjoyment is reduced by the psychologi¬ 
cal cost of paying for it.” This may strike 
some as blindingly obvious, but Prelec 
contends the moral tax has yet to find its 
way into any economic model. More 
important, he says, consumers and mar- 



Drazen Prelec of the MIT Sloan 
School of Management says 
producers should devote more 
attention to consumers’ pur¬ 
chasing psychology; buyers 
generally prefer to pay in 
advance or through fixed fee 
for goods and sewices. 


keters alike would ben¬ 
efit if they explicitly 
sought pricing and pay¬ 
ment systems that “let 
people enjoy things 
without thinking about 
paying.” 

Prepayment, for 
example. In studies 
Prelec has performed 
with George Loewen- 
stein, a professor of 
social and decision sci¬ 
ences at Carnegie Mellon Univer¬ 
sity, consumers have made it clear that 
they hate the feeling of being in debt. 
“For some types of expenditures,” says 
Prelec, “people claim they would prefer 
to prepay, even when there’s no financial 
advantage.” Vacations are such an 
expenditure. In one survey, consumers 
were asked to imagine they were plan¬ 
ning a week in the Caribbean, at a cost 
of $1,200. Given the choice of making 
six monthly payments of $200 dollars 
either in advance or after their return, 
almost two-thirds of the respondents 
said they would rather prepay, even 
though they would incur a penalty in 
lost interest. 

Similarly, once they’re abroad, peo¬ 
ple seem to find it easier to spend in for¬ 
eign currency. “It’s almost like play 
money—it’s prepaid in the psychological 
sense,” Prelec says. He adds that Club 
Med is on to this psychology: guests buy 
beads to use instead of cash. 

But the desire to prepay does not 
extend to all items. Most respondents 


to Prelec and Loewen- 
stein’s surveys said they would prefer to 
buy heavy appliances on credit. Why the 
difference? “Our explanation is that if 
you buy a washer and dryer on an 
installment plan, you don’t feel as if 
you’re in debt because you are paying 
for service that you continue to receive. 
Whereas when you come back from a 
vacation, it’s history. You are in debt.” 

Another system that can take the sting 
out of paying is the flat rate—a fixed fee 
for unlimited service. It’s well known 
that many people choose a flat rate for 
their local telephone service even though 
they would save money by selecting a 
plan based on actual use. But Prelec and 
Loewenstein’s research suggests that the 
“flat-rate bias” may be a common con¬ 
sumer preference. Picture this: Two peo¬ 
ple use the same health club 10 times a 
month. One pays a $100 monthly fee, 
the other pays $10 per visit. Now, who 
enjoys the health club more? 

Most survey respondents chose the 
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person who pays once a month. “When 
you buy at a flat rate,” says Prelec, 
“that’s a form of prepayment—you 
know what the monthly bill is, you can 
deduct it from your budget, and then you 
can enjoy the service as if it were free.” 

Prix Fixe Preferred 

In general, the fewer payment decisions 
a consumer has to make, the better. So 
when people are shopping for complex 
goods or services—-items consisting of a 
basic unit plus add-ons—a product that 
is sold with everything included for a 
fixed price may enjoy an advantage over 
one requiring consumers to weigh the 
cost of each option. Examples of the lat¬ 
ter abound. (Think funeral home or car 


dealer.) But Prelec also points to some 
products that have found success 
through all-inclusive pricing. The Wave, 
a popular high-end ($349) radio from 
Bose, for example, is sold through mail 
order and comes in only one model. The 
consumer avoids the typical audio-store 
experience of deliberating over compet¬ 
ing brands and piecing together differ¬ 
ently priced components. “The Wave 
radio is a self-contained unit with a sin¬ 
gle price,” Prelec says. “You don’t really 
know what each feature costs, so the 
moral tax is lower.” 

Software packages that promise free 
upgrades fit this category well. Of course, 
the cost of the upgrades is factored into 
the price of the first version. “Still,” says 
Prelec, “that’s a more attractive package 


than one where customers know they’ll 
have to make a lot of subsequent deci¬ 
sions about incremental costs.” 

But just as there are legitimate meth¬ 
ods for lowering the moral tax on a pur 
chase, there are also insidious ones. In 
surveying the pitfalls of consumerism, 
Prelec has one word for you: plastic. “If 
paying for something is a bitter pill, then 
credit cards provide a little sugar coat 
ing,” he says. They lessen the moral tax 
by giving the purchaser discretion over 
when and how much to pay. But in so 
doing, Prelec says, the cards “obscure 
the connection between debt and con¬ 
sumption. Mentally you feel as if your 
possessions have been paid for in full; 
you don’t have any sort of accounting 
system that says this fancy vase is only 
two-thirds paid for. Now suddenly there 
are all these credit card bills. What are 
they for?” 

Perhaps not surprisingly, consumers 
surveyed by Prelec and Loewenstein 
rated credit card payments the most dis¬ 
tasteful kind of expenditure, even ahead 
of parking tickets and dental bills. 

Prelec is optimistic that technology 
will come to consumers’ rescue. “Smart 
cards”—now being developed as a po¬ 
tential substitute for cash—will contain 
chips that might help people track their 
expenditures better. And various prepaid 
cards (similar to some new phone cards) 
may ease anxieties about overspending. 
But in the meantime, Prelec says, the bur¬ 
den of lowering the moral tax may fall 
on producers: “We’re trying to tell them, 
‘Look, people have some fundamental 
concerns about prices. Beyond just get¬ 
ting the number right, you have to cre¬ 
ate pricing systems—such as flat rates— 
that take into account the moral tax 
embedded in our psychology.’ ” 

— David Brittav 
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J unior Achievement has been helping 
to bridge the gap between education 
and business for more than half a century. 
Comprised of individuals and companies 
devoted to excellence, Junior Achievement's 
goal, simply stated, is to help prepare 
young people for the future by helping 
them develop a sense of responsibility, an 
appreciation of learning, and a sincere 
desire to contribute to society. 

“The direct benefits that Junior Achievement 
programs provide to the business community 
are many. These programs give us the 
satisfaction of being able to work with the 
young minds of our future business leaders." 

Nancy Larkin, Vice President, 
MediaOne 

“As a JA alumnus, 1 know how JA programs 
provide opportunities for young people. By 
supporting Junior Achievement, we provide 


the resources to develop the future decision¬ 
makers of our community.” 

John Buckley, JA Alumnus and 
Executive Vice President, 

Boston Red Sox 

“The private sector has a vital role to play 
in the education process. The business/ 
education partnerships forged by Junior 
Achievement allow businesses to actively 
invest in young people.” 

John Hamill, President, 

Fleet Bank 

W e urge you to invest just a few 

minutes to see how you can actually 
enhance your own workforce and make an 
important difference in a young person’s 
life at the same time. To find out how to get 
your organization involved, contact Junior 
Achievement at (617)367-5850. You can’t 
invest in a more valuable commodity. 


Junior Achievement 

You can’t invest in a more valuable commodity. 
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World History on Ice 


From the outside, the storage shed 
on the University of New Hamp¬ 
shire (UNH) campus in Dur¬ 
ham looks inconspicuous 
enough—a standard white 
48-by-12-foot box. It doesn’t 
look too remarkable from 
the inside, either, housing a 
few electric jigsaws and racks 
holding thousands of cylindri¬ 
cal canisters filled with ice. 

This is not your average ice 
locker, however. It contains all 
the pieces of a two-mile strip of 
ice drilled from a massive ice 
sheet in Greenland. Moreover, 
this ice holds vital data about the 
earth’s climate over the past 
250,000 years and offers the most 
detailed record yet of the last 110,000 
years of our planet’s history. 

“In some ways, the ice sheets tell us 
more about what the environment was 
like in northern latitudes 100,000 years 
ago than we can learn about the 1700s 
and 1800s from human records,” says 
Paul Mayewski, director of glacial 
research at UNH and chief scientist for 
the Greenland Ice Sheet Project Two 
(GISP2). “Those written records consist 
mainly of temperature readings, but we 
can use the ice to analyze 45 different 
variables.” 

Mayewski views the ice sheets as a 
“time machine” that not only tells us 
about the earth’s history, including the 
effects of hundreds of volcanic erup¬ 
tions, but also about human history. 
This frozen repository is providing a 
bounty of information to both earth sci¬ 
entists and archaeologists. 

How can they extract so much infor¬ 
mation from ordinary chunks of ice? 
The Greenland ice sheets are composed 
of snow that falls to earth carrying com¬ 
pounds from the air, including chemi¬ 
cals, metals, dust, even radioactive fall¬ 


out. The snow piles up layer by layer, 
year after year, trapping these sub¬ 
stances. Pressure from the accumulating 
snow eventually 


creates ice, 
and bubbles that form in the ice seal off 
small samples of the atmosphere. In lab¬ 
oratories at UNH and elsewhere, scien¬ 
tists can precisely identify the yearly lay¬ 
ers in the ice—like the rings in a tree 
trunk—to determine the composition of 
the atmosphere at that time. 

Greenland’s frozen archives contain 
remarkable remnants of industrial enter¬ 
prise over the ages. For instance, the 
record shows that the earliest large-scale 
pollution started about 2,500 years ago 
and continued for the next 800 years— 
the result of mining and smelting lead 
and silver during the Greek and 
Roman eras. In fact, lead pollution in 
that period rose to four times natural 
background levels, according to 
Claude Boutron, a French scientist 
whose team studied ice chunks from 
a parallel sampling effort, the Euro¬ 
pean Greenland Ice-Core Project. 

Other findings indicate that the 
decline of the Roman Empire was 
followed by a steady drop in lead 
pollution: lead concentrations in the ice 
cores fell during the Middle Ages and 
did not surpass the Roman levels until 
the start of the Industrial Revolution. An 
even sharper rise occurred in the twenti¬ 


eth century when lead concentrations 
rose to some 200 times natural (pre- 
Greek and Roman) levels, presumably 
owing largely to the introduction of lead 
additives to gasoline. 

Other chemicals have also shown a 
dramatic upsurge. According to the ice 
core data, atmospheric concentrations of 
carbon dioxide climbed almost 30 per¬ 
cent, methane concentrations more than 
doubled, and concentrations of sulfate (a 
byproduct of coal combustion) have 
roughly tripled since the onset of the 
Industrial Revolution. 

New pollutants began showing up in 
Greenland in the late-1950s—radioac¬ 
tive strontium-90 and cesium-137, fall¬ 
out primarily from U.S., Soviet, and 
British nuclear testing programs. “This 
fallout reached a peak in 1963 and then 
dropped off with the signing of the atmo¬ 
spheric Test Ban Treaty later that year, ” 
says Jack Dibb, a UNH scientist in the 
Glacier Research Group. “We still see 
little bumps in the 1970s and ’80s from 
tests by the Chinese, French, and perhaps 
some others we don’t know about. ’ 
More radioactive debris in the form of 
cesium-134 and 137 drifted to Green¬ 
land in May 1986 courtesy of 
the Chernobyl 


nuclear accident 
in the Ukraine. This radioactive 
cloud deposited isotopes in Antarctic ice, 
suggesting that the entire planet was con- 
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This tiny ice chip (far left) was sliced from 
pieces of a two-mile long cylindrical core 
(below left) drilled from a massive ice sheet 
in Greenland (above, below right). By analyz¬ 
ing the air bubbles trapped in the ice, 
researchers are piecing together a surprisingly 
detailed record of the world's air quality 
spanning some 250,000years. 

taminated by the core meltdown. 

But the story the ice tells is not all 
bad. Concentrations of key pollutants 
(including lead) reaching Greenland 
have actually declined since the pas¬ 
sage of the U.S. Clean Air Act in 1970 
and the subsequent clamp-down on 
emissions. Still, over the 100,000- 
plus years these ice cores span, levels 
of carbon dioxide and methane, 
both greenhouse gases, have never 
been higher than they are today, 
says Martin Walden, a physicist at 
the Scripps Institute of Oceanogra¬ 
phy, and the magnitude of this 
human-induced change is truly 
remarkable. With respect to carbon 
dioxide and methane concentrations, he 
says, “humanity has brought about a 
change of roughly the same magnitude 
as that which naturally occurs between 
glacial and interglacial periods.” 
Whereas this natural shift took place 
over the course of tens of thousands of 
years, however, the human-induced 
change occurred within only the past 
few centuries. 

One of the biggest surprises to emerge 
from the GISP2 project is the discovery 


of rapid climate shifts that occur within 
a time frame of decades or less. “We’ve 
shown, on at least eight separate occa¬ 
sions, that climate change has occurred 
abruptly as civilizations were developing 
in the last several thousand years,” 
Mayewski says. These changes can put 
people living in extreme environments— 
either very cold or arid—at risk. “If you 
live in a marginal area like that, a slight 
change in temperature or moisture can 
put you out of business.” 

For example, Mayewski and Yale 
archaeologist Harvey Weiss have found a 
surprising correlation between a climatic 
“event” in 2,200 B.C., which resulted in 
extreme drought from Europe to India, 
and the collapse of the Mesopotamian 
Empire, which was based near a desert 
region in what is now Iraq. “That doesn’t 
mean climate change was the only 

factor, but 



it probably played 
some role,” Mayewski says. 

Mayewski teamed up with archaeol¬ 
ogist Tom McGovern of Hunter College 
and others to investigate a similar long¬ 
standing mystery regarding the disap¬ 
pearance of Norse settlers in Western 
Greenland beginning in the mid-1300s. 
“The core records indicate a really cold 
winter around the year 1350 and a series 
of progressively colder summers,” 
McGovern says. “The worst news for 
these people would have been a series of 


cold summers, which would have 
reduced an already short growing sea¬ 
son, and that’s exactly what happened.” 
The climate, he adds, had always been 
suspected of playing a role in wiping out 
the settlement, but “we needed the new 
ice core data, which has a resolution on 
the scale of individual years and seasons, 
to really pin it down.” 

McGovern next hopes to find out 
whether the widespread die-offs of 
mastodons, woolly mammoths, and 
other animals 10,000 years ago at the 
end of the Pleistocene era were due 
mainly to climate change or to human 
predation. “There’s been a tremendous 
debate in archaeology for years, and the 
Greenland data can finally help us 
resolve it.” 

Mayewski expects that future studies 
will turn up many other associations 
between the climate events revealed in 
the ice sheets and major turning points 
in human history. The next step, 
he says, is to produce ice cores 
from other parts of the world— 
hence a deep-drilling program that 
began last year in Antarctica. The 
GISP2 collaborators are also begin¬ 
ning to compare the ice core data 
with corresponding climate records 
obtained from tree rings, lake sedi¬ 
ments, and coral. 

The key is not just to pool the data, 
McGovern says—“You really need 
to bring people together to form 
diverse teams,” and collaborations of 
this sort between climatologists, archae¬ 
ologists, paleontologists, and historians 
are “opening up a whole new area” with 
tremendous potential. In terms of 
exploiting the body of information 
locked deep in the world’s ice sheets, 
Mayewski adds, “we’ve only begun to 
scratch the surface.”— Steve Nadis 
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Employees of Key Bank's Riverton Heights branch cut their commuting distance by 60percent 
after swapping jobs with employees who live closer to other branches—thanks to a program 
that assigned each employee participcdmg in the project to the branch nearest his or her home. 


Trading Places 

I Three years ago, before she 
became a pioneer on the trans¬ 
portation frontier, Justy Mayernik did 
what millions of other commuters do— 
and hated it. She spent two to three 
hours each weekday driving between her 
home southeast of Seattle and her job as 
a teller at a Key Bank 30 miles north— 
adding her straw to a staggering load of 
traffic congestion, air pollution, and 
costly demands on the transportation 
infrastructure. She and her husband 
once lived closer to her workplace, but 
had moved to one of the last spots in 
that booming region where they could 
still afford a house. 

Meanwhile, unbeknownst to May¬ 
ernik, another teller, George Nelson, 
was driving nearly as far from his home 
north of Seattle to a Key Bank branch 
just 20 minutes from Mayernik’s home. 
Justy and George might still be passing 
on the interstate, if an environmental 
consultant named Gene Mullins hadn’t 
gotten trapped in a daily commuting 
nightmare after his office moved from 
Seattle, where he lived, to the suburbs. “I 
thought there ought to be a better way 
to match up where people live and 
where they work,” Mullins recalls. 
While staring at his frazzled counter¬ 
parts commuting in the opposite direc¬ 
tion, he found himself musing that “it’s 
too bad we can’t just switch sites.” 

Such a switch might not work for a 
specialized professional like Mullins, 
who soon quit the long commute and 
started his own firm anyway. But he 
began to hear about people who worked 
in jobs that were likely to be inter¬ 
changeable with others much closer to 
their homes. For example, he knew of a 
data-entry clerk who was driving 60 
miles from Seattle to work in Olympia 
and a receptionist, two tellers, and a 
truck driver who were traveling nearly 
as far from Mount Vernon to Seattle. 


Mullins had stumbled on a critical 
fact that transportation planners over¬ 
look: proximity is often the last thing 
companies consider in hiring and placing 
employees. Workers may seek jobs near 
their homes, but they take what they can 
get. “Once people are situated, they tend 
not to think about where they could be,” 
says Laurie Turner, human resource 
manager at Key Bank. And even when 
they do think about it, they often find 
that their employers aren’t set up to 
accommodate them. 

To help employers and employees 
make more rational siting choices, 
Mullins devised a computer-based 
“proximate commuting” program and 
received funding from the state Trans¬ 
portation Department to conduct a trial 
of the scheme, with a review by the Uni¬ 
versity of Washington’s State Trans¬ 
portation Center. He says he 
approached Key Bank about being the 
guinea pig because it was promoting its 
environmental awareness. 

Once Key Bank agreed to participate, 


Mullins conducted an initial study and 
found that only 17 percent of employees 
at 14 Key Bank branches worked at the 
branches nearest their homes. The rest 
resided, on average, closer to 10 other 
branches; some lived closer to more than 
100. Mullins next met with workers at 
30 branches and showed them how far 
they lived from their workplaces and 
other potential work sites, and how 
much their commuting cost them and 
the environment. “They’d be astonished 
at his maps,” Turner recalls. 

When Mullins finished his presenta¬ 
tions, 17 percent of 500 employees vol¬ 
unteered to participate in the job-swap¬ 
ping scheme. Mullins’s software, called 
Proximate Commute Mapper, mixed 
and matched their various locations and 
came up with mutually advantageous 
moves, which required the consent of 
both the workers and their managers. 
Justy Mayernik and George Nelson 
were the first to swap. 

The results were dramatic. After two 
years, the average commute for all work- 
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ers at the 30 bank branches had dropped 
by 17 percent; at one Tacoma branch, it 
fell by 69 percent. Participating workers 
cut their average round-trip commute 
by 65 percent, from 43 to 17 miles. 
Mullins estimates that each saved an 
average of $2,626 in commuting 
expenses and 216 hours in commuting 
time, and avoided emitting 5,940 
pounds of carbon dioxide and 587 
pounds of hydrocarbons per year. Prox¬ 
imate commuting also reduced stress 
and tardiness and boosted morale. “All 
the transfers we made have been suc¬ 
cessful,” says Turner. 

Extrapolating these results, Mullins 
figures that if 5 percent of all Seattle-area 
commuters were to make such swaps, 
they’d save 14 million hours and $170 
million a year. That’s not an unreason¬ 
able target, he argues, since 48 percent of 
Seattle-area workers and 39 percent of 
Washington state workers have multi¬ 
site employers—and single-site firms, 
which sometimes share training pro¬ 
grams, might also be able to join in 
proximate job swaps. Baseball teams 
trade employees, he notes, why 
shouldn’t hardware stores? 

After the Key Bank trial, University 
of Washington evaluator Cyrus Ulberg 
agreed, recommending that the state 
sponsor longer-term tests among differ¬ 
ent employers and offer incentives to 
pursue proximate commuting. 

Meanwhile, Mullins has won rich 
praise and a shelf full of awards from 
local, state, and federal agencies, includ¬ 
ing a national prize from the Environ¬ 
mental Protection Agency. “It is a 
tremendous idea for companies like 
banks and grocery stores,” says Paula 
Van Lare, coordinator of the EPA’s 
Transportation Partners program. “In 
the transportation field, there are very 
few simple solutions, because trans¬ 
portation decisions are so deeply embed¬ 
ded in people’s daily lives and lifestyles. 
It’s nice to come across one like this, 


which can be implemented quickly.” 

Transit and carpooling, in contrast, 
demand sacrifices in time, convenience, 
and flexibility. Companies must be 
coerced into providing vanpools and 
inducing their workers to cease solo 
driving. Telecommuting, job-sharing, 
and four-day workweeks are only par¬ 
tial solutions; even telecommuters typi¬ 
cally come to the office several times a 
week, and require changes in workplace 
culture and the way managers manage. 
And new rail and other mass transit 
chew up cityscapes and impose enor¬ 
mous capital costs. 

So why isn’t the world beating a 
path—as best it can through today’s 
gridlock—to Mullins’s door? Why has 
no other company adopted Mullins’s 
scheme? “The idea ought to be able to 
sell itself, but it doesn’t seem to,” says 
Wayne Elson, a specialist in pollution 
from mobile sources at the EPA’s Seat¬ 
tle regional office. Novelty may be one 
reason: transportation planners seek 
ways to move people over set distances, 
not to reduce those distances. The EPA’s 
Van Lare suspects that businesses don’t 
see the payoff from something like prox¬ 
imate commuting because “the rate of 
return is not explicit.” And, she adds, 
“It’s nobody’s job to think about how 
people get to work.” So nobody does. 

That may change. Matthew McCan- 
dlis, transportation supervisor of the 
Seattle-based Starbucks coffee chain, 
hopes to offer proximate job-swapping 
to at least some of the company’s 20,000 
coffeehouse workers this autumn. 
Reducing turnover is a main motive. 
“We think we can keep them happy, 
add a lot to our retention rates, and 
reduce training costs,” he says. Justy 
Mayernik, still happily working in her 
new location, would second the notion. 
“It’s just nice,” she says, “not having to 
get up at the crack of dawn and dread 
going to work every morning.” 

— Eric Scigliano 
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Brave New Skin 

I Nature knew what she 
was doing when she 
designed skin, the body’s 
largest organ. As a covering 
for the body, nothing else 
comes close as a first level of 
defense against infection, 
trauma, and dehydration. 

The problem is that skin is 
always in short supply for the 
4 million people plagued by 
chronic wounds and the 
more than 50,000 people 
hospitalized for burn treat¬ 
ment in the United States 
each year. 

Traditional treatments for 
these painful and often life- 
threatening conditions in¬ 
clude dressings that protect 
smaller wounds and passively 
allow the body to heal. Treatment for 
large or stubborn wounds may entail 
skin grafting. But a skin-graft operation 
requires hospitalization and creates 
another wound at the donor site. And 
after a great deal of pain, trouble, and 
expense the graft simply doesn’t always 
survive. 

Dissatisfied with these conventional 
treatments, researchers in the 1980s 
eagerly tried to isolate naturally occur¬ 
ring growth factors that promote heal¬ 
ing. But the results with single growth 
factors have been generally disappoint¬ 
ing because wound healing has turned 
out to be more complex than researchers 
originally thought, and figuring out 
which factors to daub on a wound, 
when, and at what dose remains a 
daunting task. 

Scientists have therefore turned to cul¬ 
tured skin, hoping that it would not only 
provide a much needed covering but also 
be ready to use off the shelf without the 
need for donor matching. In fact, one 
novel type of cultured skin, called 


Living skin tissue, grown in the tab from tivo 
common skin cells, has proven effective in 
healing stubborn wounds without rejection by 
the immune system, As the patient's cells grad¬ 
ually replace the tissue, it takes on the appear¬ 
ance and color ofthe patient's own skin. 


Apligraf Living Skin Equivalent, has 
shown great promise in that regard. 
According to its manufacturer, Organo¬ 
genesis of Canton, Mass., when the liv¬ 
ing-skin tissue was used in clinical stud¬ 
ies on patients with venous ulcers, which 
normally occur on the legs and feet as a 
result of abnormal blood drainage, 
wounds healed on average in 57 days. 
Comparable wounds treated with stan¬ 
dard therapy using pressure dressings 
healed on average in 181 days. And 57 
percent of patients who had battled their 
ulcers for more than a year saw their 
wounds close completely, compared 
with 17 percent of those receiving con¬ 
ventional treatment. 

Other companies such as Advanced 


Tissue Sciences in La Jolla, 
Calif., are working on cultured 
skin products, but the Organo¬ 
genesis skin is unique because, 
unlike other products, it has 
two living layers—an outer epi¬ 
dermis and an underlying der¬ 
mis. “Without both parts, you 
don’t really have skin,” says 
David Heimbach, director of 
the University of Washington 
Burn Center. 

Epidermis, the thin, protec 
tive top layer, is nourished 
from the thicker, more sensitive 
layer of dermis below. As the 
dead, flat cells that compose 
the outermost part of the epi¬ 
dermis wear away, they’re 
replaced with rapidly dividing 
cells from below called ker- 
atinocytes, which produce a 
tough protein and a unique 
fatty substance that makes skin water¬ 
proof. The dermis—composed primar¬ 
ily of fibroblast cells—contains the 
skin’s blood vessels, lymph vessels, 
nerves, hair follicles, sweat glands, oil 
glands, and a network of the fibrous 
protein collagen, which gives skin flexi¬ 
bility and structural support. 

The key to developing the new lab- 
grown skin is to cultivate only the dom¬ 
inant functional cells: keratinocytes and 
fibroblasts. While the immune system 
rejects other transplanted cells found in 
skin, for some unknown reason it 
accepts these two as benign. 

The manufacturing process begins 
with skin that would normally be dis¬ 
carded—foreskins from circumcised 
infants. A bit of skin the size of a postage 
stamp can produce about four acres of 
skin equivalent. Once the tissue is broken 
down mechanically and enzymatically 
to the cellular level, highly selective 
growth conditions nourish only the ker¬ 
atinocytes and fibroblasts, thus purging 
the culture of unwanted cell types. Tech- 
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nicians then mix the fibroblasts with a 
specially prepared collagen solution, 
which forms a gel that the cells reshape to 
a dense lattice. Keratinocytes laid upon 
this layer attach and, when exposed to 
the air, start to form the epidermis. 

The resulting skin looks, feels, and 
behaves like normal human skin. When 
wounded, it can even heal itself. And it 
can be grown in any size or shape, 
though for medical convenience 
Organogenesis provides it in three-inch 
disks and four-by-eight-inch rectan¬ 
gles—sizes burn surgeons are accus¬ 
tomed to using. The cultured skin also 
adapts remarkably well to its new envi¬ 
ronment. Indeed, none of the patients in 
the clinical trial showed any signs of 
immunological rejection. And, perhaps 
most remarkably, the patient’s own cells 
eventually replace the foreign tissue and 
the cells responsible for pigmentation 
return, along with normal skin color. 

“The results have been dramatic,” 
says Morton Altman, a research consul¬ 
tant with the California College of Podi- 
atric Medicine in San Francisco who 
helped test the cultured skin. Patients 
reported almost instantaneous pain 
reduction, and healing was rapid, he 
says. 

Despite such enthusiasm, two hurdles 
remain. Organogenesis has applied for 
FDA approval and has received expe¬ 
dited review status. But a nod from the 
FDA, while still necessary, is no longer 
sufficient for success, says Howard 
Jones, who heads regulatory affairs and 
licensing for Curative Technologies, 
which closely monitors the skin-dress¬ 
ing market in the course of running a 
nationwide network of wound-care cen¬ 
ters. In the new era of managed care, 
manufacturers must make a case for the 
cost-effectiveness of new products. 

But while a price has not yet been set 
for its cultured skin. Organogenesis esti¬ 
mates that it could be priced at more 
than $1,000 for a venous-ulcer treat¬ 


ment, for example, and still prove 
cheaper than standard therapy. And the 
developers are confident they can pro¬ 
duce it for less. Although cell culture can 
be a painstaking process, large produc¬ 
tion lots should provide economies of 
scale. 

Should the product clear these hur¬ 
dles, it will become the first engineered 
living tissue to make it to market. And 
this brave new skin may be only the 
beginning. Scientists are also developing 
other tissue products such as blood ves¬ 
sels, heart valves, cartilage, and even 
whole organs. As with cultured skin, 
they are finding that their most impor¬ 
tant allies are the cells that already know 
how to make these complex tissues. 

— Carolyn J. Strange 
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OUR PHOTO CONTEST WINNERS 


Let those in love wax long and ardently about the gos¬ 
samer quality of their emotional state. No less tantaliz¬ 
ing or challenging is the task of describing the passage of 
time. As with love, many ways exist. Scientists and engi¬ 
neers who study time or deal with the evanescent stuff in 
the course of experiments express its passage in terms of 
numbers, equations, and curves on graphs. Artists use 
other media: musicians delineate time through notes and 
spaces; visual artists must seek out objects or scenes that 
convey the concept. 

In this year’s Technology Revieiv photo contest we 
challenged entrants to depict events evolving over time 
or to portray creative methods of recording changes 
over time. We wanted to show how artists interpret a 


scientific notion. Contestants responded with a 
plethora of images: crumbling edifices, smokestacks 
juxtaposed against modern antennae, bodies healing 
from injuries, even a woman pulling up stockings. The 
winning photographs hint at the breadth of ideas. 

The judges included Peter Vandermark, assistant pro¬ 
fessor of photojournalism at Boston University, and 
Felice Frankel and George Whitesides, who are, respec¬ 
tively, artist-in-residence at MIT and professor of chem¬ 
istry at Fiarvard University and coauthors of On the 
Surface of Things, a collection of photographs and 
essays to be published in October by Chronicle Books. 
We thank all three for their thoughtful deliberations— 
and time. 


The first-place image, “A 
Moment in Time ” by David 
Freese of Philadelphia, suggests 
“a beginning and end, a past 
andfuture, ” remarked judge 
Vandermark. Freese evoked 
scientific imagery related to 
time—perhaps rocket trails or 
lines on a graph—through the 
use of two pieces of piano wire 
that he suspended in space 
against a black backdrop. 
Frankel found the photo “unbe¬ 
lievably spare and almost per¬ 
fectly composed. ’’Freese used a 
4x5 camera and Kodak T-MAX 
2100 film to produce the photo. 
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Todd Gieg of Boston wins second place for his image of the bedroom where he boarded at a pri¬ 
vate high school. The judges responded to the sense of timelessness in the image; the viewer has 
“no idea when this picture was taken, ” commented Vandermark. Producing the image 
required the passage of time: Gieg used a Hasselblad camera outfitted with a Polaroid back 
and 665film he had first aged by exposing it to light-free air for at least a month, a technique 
that changes highlights and the colors of shadows. He hung the photograph on a wall for half a 
year or so, then coated the image area, which had undergone more chemical changes, to stop 
the aging process. The surrounding area sustained further chemical alterations for at least a 
year. Gieg finally removed the original coating and sealed the entire photograph with varnish. 



Third prize goes to Marie Triller of Albany, N.Y.,for her series depicting people walking past a 
Calvin Klein advertisement in New York’s Times Square. The judges especially responded to 
Triller’s colorful composition of the characters she had photographed during what she calls “a tiny 
fragment of time. ” Triller used a Nikon FA camera and Kodak 100film. 
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1 ome critics claim that all the gnat questions in 
science have already been answered or are simply unanswerable. 

But a leading defender argues that reports of science’s 
death have been greatly exaggerated. 

HIS FALL will mark the thirtieth anniversary of an important milestone 
lucation. It was then, inspired by a great teacher, David R. Wones, 
: I declared Course XII, earth science, as my undergraduate major at MIT. 
To his students, Professor Wones seemed to possess an encyclopedic knowl¬ 
edge of rocks, minerals, geomorphology, and plate tectonics. He demanded 
much of us, with lengthy lab exercises and exhausting field trips in the New 
England rain. But his enthusiasm for scientific discovery—his passion to learn 
the things that we don’t know but might someday find out—was infectious. 
He rekindled in me the deep curiosity that everyone feels as a child, and 
he focused that untutored, youthful instinct into an exacting experimental rigor. 
How shocking and sad, then, to read that I may be one of the last of a breed, for 


BY ROBERT M. HAZEN 
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science, we are told, has entered its twilight, the victim of its 
own success. An eager pack of science watchers, led by sci¬ 
ence journalist John Horgan, author of The End of Science: 
Facing the Limits of Knowledge in the Twilight of the Scien¬ 
tific Age (Addison-Wesley, 1996) would have us believe that 
the end of science is at hand ( see “The Twilight of Science” by 
John Horgan, TR July 1996). We are nearing the time, these 
observers contend, when we will have deduced all the great 
laws of nature and learned everything of significance about 
the natural world that can be learned. There are only so 
many things to find out, Horgan says, and each discovery 
brings us closer to closure. J. J. Thompson discovered the 
electron, so check that off the list. Evolution by natural selec¬ 
tion, nuclear reactions, electromagnetic radiation, DNA— 
soon we’ll know it all. 

What rubbish! Such facile claims ignore the nature of the 
scientific process and the character of the questions it 
attempts to answer. Horgan is at least honest enough to 
warn unsuspecting readers that his college studies of liter¬ 
ary criticism taught him to write analysis that is not “the 
final word” but rather “more clever, more interesting than 
the rest.” Horgan is a clever writer, and he has managed to 
say something interesting, if exceptionally misleading. 

But Horgan’s smoke and mirrors is more than harmless 
literary legerdemain. By using stylish prose to cast doubt 
about the future vitality of science, he runs the risk of creat¬ 
ing a self-fulfilling prophecy. Why should the public sup¬ 
port basic research if nothing of interest is left to discover? 

William Harvey, the seventeenth-century English physi¬ 
cian who discovered the nature of blood’s circulation, spoke 
for today’s researchers when he said, “All that we know is 
still infinitely less than all that remains unknown.” The key 
to understanding why science is an endless frontier lies not 
in cataloging what we know but rather in recognizing the 
vast amount of what remains unknown—the unanswered 
questions. These questions, which drive basic scientific 
research, fall logically into three broad categories of 
inquiry—questions about what exists, how it came to be, 
and how nature works. As the following summary of 
today’s leading research demonstrates, those questions are 
inherently unlimited in scope, and the chain of discovery— 
and human curiosity that drives the quest for knowledge— 
shows not the slightest sign of ending. 

What’s Out There? 

Questions about what exists mark the starting point of sci¬ 
ence. Scientific explorers of the past reveled in voyaging to 
exotic lands in pursuit of animal, plant, and mineral speci¬ 
mens. Chemists isolated element after element, physicians 
dissected diseased corpses, astronomers cataloged countless 


ROBERT M. Hazen is a research scientist at the Geophysical Laboratory at 
the Carnegie Institution of Washington, D.C. and is Clarence Robinson 
professor of earth science at George Mason University. His newly released 
book is Why Aren’t Black Holes Black? The Unanswered Questions at 
the Frontiers of Science (Anchor Books), which he coauthored with Max¬ 
ine Singer, president of the Carnegie Institution and scientist emeritus at 
the National Institute of Health’s Laboratory of Biochemistry. 


stars, and physicists scrutinized unusual phenomena associ¬ 
ated with electricity and magnetism. 

Even after centuries of labors, by most estimates we have 
identified only one or two percent of all living species on 
earth, have sampled only the thin outer skin of the planet., 
and have described only a few of the 80,000 proteins that 
our bodies produce. We know all 100 or so stable elements 
of the periodic table, but the 
number of possible combina¬ 
tions of these elements is for all 
intents and purposes infi¬ 
nite. Looking outward 
to space, we observe 
tens of billions of 
stars in each of tens 
of billions of galax¬ 
ies—perhaps a trillion 
solar systems exist for every 
human. There is so much left to 
discover. 

Skeptics would have us 
believe that the hundreds of 
thousands of scientists around 
the world who devote their lives 
to exploring these domains are 
like high-tech postage-stamp 
collectors—filling in a few 
blanks rather than pursuing 
interesting research. These 
skeptics are wrong. The earth, 
our solar system, and the uni¬ 
verse beyond holds wonders to 
captivate (and profit) the 
human race for millennia. 

Moreover, if the task of 
describing the tangible universe 
weren’t enough, it now appears 
that most of the mass of the 
universe—as much as 99 per¬ 
cent by some estimates—is 
missing, evidently consisting of 
strange matter unlike anything 
we now comprehend. Within 
the past two decades 
astronomers have discovered 
overwhelming evidence that the 
universe is littered with dark 
matter—seemingly invisible 
stuff that must be out there but can’t be found even with our 
most powerful telescopes. 

Almost all of the universe’s matter that we know about is 
concentrated in galaxies, which exist on a scale almost 
beyond comprehension. Each galaxy holds tens to hundreds 
of billions of stars in a region that may exceed a 100,000 
light years in diameter (a light year, the distance light trav¬ 
els in a year, is almost 6 trillion miles). Our own galaxy, the 
Milky Way, contains all the stars and constellations that are 
familiar to us in the night sky, but billions of other galaxies 



nine percent of 
the universe 
consists of 
strange dark 
matter unlike 
anything we 
now can 
comprehend. 
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are also easily visible with the aid of telescopes. 

For astronomers who want to study the nature and dis¬ 
tribution of the universe’s mass, galaxies are the logical place 
to start. These scientists rely on two complementary methods 
to estimate a galaxy’s mass. The quick and easy way is to 
count the total number of visible stars (an effort simplified by 
image-processing computers), and then multiply that number 


times the average mass per star (a value painstakingly deter¬ 
mined from observations and theory). This calculated value 
is known as the “visible mass” of a galaxy. 

Alternatively, astronomers determine the “dynamical 
mass” of a galaxy by observing how stars move. Specifically, 
they measure the position and orbital speed of its stars or 
clouds of gas as they circle about the galactic center, the 
locus of immense gravitational forces. The more massive the 
galaxy, the faster its stars must travel in their galactic orbits 
to keep from falling in, closer to the center. Ultimately, if 


we have properly accounted for all of a galaxy’s variables, 
the visible mass should exactly match the dynamical mass. 

But in the 1970s astronomers discovered that outer por¬ 
tions of spiral galaxies rotate two to three times faster than 
they should, based on the gravity produced by stars we can 
see. The simple equation describing orbits has only three 
variables: orbital distance, orbital speed, and mass. Two of 
these variables, orbital distance and 
speed, can be measured by telescopic 
observations, so a galaxy’s true mass can 
be calculated. The conclusion: estimates 
of mass based on visible stars are wrong; 
most of a galaxy’s mass is not visible. It 
follows that most of the matter in the uni¬ 
verse is dark and invisible. 

Speculation about the nature of dark 
matter abounds. The first step is to elimi¬ 
nate what dark matter isn’t: It can’t be 
made of ordinary clumps of matter like 
snowballs or black holes, because we 
could detect its effects on light arriving 
from more distant sources. It can’t be 
made of electrically charged particles like 
electrons or protons, because such parti¬ 
cles emit telltale electromagnetic radia¬ 
tion. Indeed, the fact that we can’t 
presently detect dark matter in the labo¬ 
ratory suggests that it must pass right 
through ordinary collections of atoms. 

Faced with these daunting constraints, 
scientists have postulated a number of 
weird possibilities for the missing mass— 
exotic subatomic particles such as mas¬ 
sive neutrinos or axions, mini black holes, 
or clusters of quarks called quark 
nuggets—but no one knows for sure. 
Around the world, teams of physicists are 
struggling to design more sensitive detec¬ 
tors to capture the subtle signals of dark 
matter. It may take many decades, but 
researchers are not likely to give up for 
lack of interest. 

If all our present science is based on 
observations and measurements of a pal¬ 
try 1 percent of reality’s building blocks— 
everyday atomic matter—then how can 
physics be almost over? The search for 
dark matter, still in its barest infancy, is 
not a trivial academic pursuit. In fact, the nature and 
amount of missing mass is closely tied to the ultimate fate 
of the universe, namely whether the expanding universe’s 
enormous gravity will eventually cause it to slow and finally 
collapse back into itself. The missing mass problem thus 
lies at the heart of our most fundamental attempts to under¬ 
stand the past, present, and future state of the cosmos. 

Moreover, how astounding it is to think that the stuff of 
which we are made and the only matter we know may con¬ 
stitute only a tiny fraction of what exists. We are confronted 
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with so many questions: What is this strange stuff? How can 
we study it? What laws govern its behavior? And if we can 
confine and shape this matter to our will, what undreamed 
of technologies might follow? 

How Did All This Come to Be? 

Origin questions fascinate today’s scientists, just as they 
have human thinkers since before recorded history. The ori¬ 
gin of the universe remains perhaps the greatest cosmologi¬ 
cal question, with scientists, philosophers, and theologians 
all staking a claim to the answer. Locally in the cosmos, the 
origins of our galaxy and solar system are questions of 
mythic stature that invite broad speculation and foster 
intense debate. But of all the origin questions, the origin of 
life is certainly among the most profound. Fortunately, it is 
also highly amenable to exploration through experimental 
science, since it is a chemical process that might be dupli¬ 
cated in the laboratory. 

Two complementary research strategies converge on ori¬ 
gin of life questions. The quest to create life in the laboratory 
began in 1952 when University of Chicago professor Harold 
Urey and graduate student Stanley Miller devised glassware 
that sent electric sparks though a primordial atmosphere of 
methane, hydrogen, and ammonia circulating above warm 
water. Much to their surprise, in a matter of days the sim¬ 
ple solution turned from colorless to pink to red to brown as 
a rich broth of organic molecules formed. These experi¬ 
ments, which in essence work forward in time from the basic 
carbon compounds that existed 4.5 billion years ago, when 
the earth first began to form, reveal that the primitive oceans 
must have become stocked rather quickly with a variety of 
relatively complex organic molecules. The earliest oceans 
and sediments may have grown increasingly concentrated in 
these organic molecules, for there was no life to gobble up 
the rich mix. 

There is still a tremendous gap between Miller and Urey’s 
sterile soup of organic molecules and a living cell. But that 
gap may be narrowed by an alternative research strategy 
that examines the chemical mechanisms of two of the earth’s 
most primitive single-celled organisms: mycoplasma and 
cyanobacteria. The smallest of these, mycoplasma cells, are 
only about one ten-thousandth of an inch in diameter. The 
least complex life forms known, these cells depend on their 
environment to supply many kinds of organic nutrients, 
including amino acids and nucleic acids. Cyanobacteria, in 
contrast, are larger and more complex single cells, but they 
have the ability to survive and reproduce entirely from the 
most basic ingredients—carbon dioxide, nitrogen, and 
water, plus a few mineral nutrients. 

The structural simplicity of mycoplasma and the chemical 
simplicity of cyanobacteria can illuminate different aspects 
of early life. For example, the cellular structures and 
metabolic pathways by which cells extract energy from 
sugar are common to all life forms, and must have been 
present in some fashion in the earliest cells. By paring down 
metabolism to its most basic chemical reactions, scientists 
hope to glimpse a plausible sequence of events that might 



have occurred spontaneously, before the first cell began to 
reproduce. 

The origin of life was a historical event, and many details of 
that history are still preserved in the chemical structures of cells. 
Through biochemical studies we can deduce and perhaps 
reproduce some of the chemical steps associated with that 
event. But even if someday centuries from now we learn every 
nuance of the origin of life on our planet, who can predict 
how many alternate chemical pathways to life may have arisen 
elsewhere in the cosmos? We can imagine no end to the search 
for the possible myriad origins of life in the universe. 

How Does Nature Work? 

The third, and arguably most open-ended, type of scientific 
question seeks to understand the processes by which nature 
works: how stars evolve, how rocks erode, how cancer 
develops, how atoms interact, how fungi reproduce—on 
and on, questions that arise by the millions. Descriptions of 
the dynamic evolution and interplay of natural systems help 
us not only understand the past and present but also pre¬ 
dict the future of our physical surroundings. Perhaps of 
more immediate interest, knowledge of how nature works 
will help us address problems of fundamental importance to 
our well being. In fact, most of today’s basic scientific 
research focuses on answering such questions, and the find- 
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he origin of life 


is a profound 


mystery, but one 


highly amenable 
to laboratory 
experiments. 


ings are revealing bewildering complexity. 

Consider one of the oldest mysteries of science: how a sin¬ 
gle fertilized egg transforms into a human being. As an 
embryo develops, cells must adopt exact spatial relations in 
a precise time-ordered pattern. As the first cell divides again 
and again, head, gut, legs, and heart assume their unique 
identities while new generations of cells play the specialized 
roles of blood, bone, and brain. 

How is it possible for the genes in a solitary fertilized egg 
to contain all the information necessary to produce a com¬ 
plex individual? This question, first explored a century ago 
by German biologist Wilhelm Roux in microscopic studies 
of frog embryos, has blossomed into one of the most excit¬ 
ing frontiers of science, engaging thousands of researchers 
and showing no sign that a complete answer will ever be 
forthcoming. 

Moreover, it’s hard to imagine a scientific question that 
will have a more complex and lengthy answer. Document¬ 
ing and describing the countless individual steps that yield 
a single fly—the rough bristles of its legs, the regimented 
facets of its eye, the exquisite tracery of its wings—will 
require thousands of thick volumes, each richly illustrated 
and dense in the jargon of genetics. For a human being, the 
volumes might number in the millions, and we are still a 
long way from knowing what to put in such books. 

It may take centuries to learn many crucial details of the 


developmental processes that sculpt 
our faces, our bodies, and our 
minds, but a few underlying princi¬ 
ples are beginning to emerge 
through remarkable laboratory 
experiments. This science, known 
as developmental biology, often 
seems peculiar to casual observers 
since it focuses largely on what goes 
wrong rather than what goes right. 
That’s because it’s almost impossi¬ 
ble to track the genetic pathways of 
development when everything goes 
according to plan. Even if we could 
freeze the sequence of events and 
examine every embryonic cell at 
every step along the way, too many 
processes occur simultaneously and 
too many genes play a role. What’s 
more, humans develop much too 
slowly—and the ethics of embryo 
research are too touchy—to make 
much progress studying our own 
species. 

Developmental biologists, hoping 
to learn how humans develop nor¬ 
mally, therefore concentrate their 
efforts on much simpler fast-breed¬ 
ing organisms that develop abnor¬ 
mally. The standard research strat¬ 
egy involves growing countless mil¬ 
lions of short-lived animals, most 
often the fruit fly Drosophila melanogaster, with its conve¬ 
nient 10-to-14-day life cycle. Thousands of scientists spend 
their entire research lives working on the genetics and devel¬ 
opment of the fly, the most thoroughly studied of all com¬ 
plex organisms. (A simple species of flat worm, Caenorhab- 
ditis elegans, comes in a distant second, followed by small 
vertebrates such as zebrafish, frogs, and mice.) 

Developmental biologists produce a high yield of mutant 
individuals by exposing breeding flies or their eggs to x- 
rays or mutagenic chemicals. When a new individual fails to 
develop, or when it develops with an obvious abnormality, 
the research team swoops down to identify which gene has 
gone awry. Step by painstaking step, as critical develop¬ 
mental genes are identified one by one, scientists are begin¬ 
ning to piece together the puzzle of how life develops. But as 
old mysteries are solved, new ones quickly arise, as demon¬ 
strated by the recent progress researchers have made in the 
following key areas: 

□ Chemical controls in the egg: The development of every 
complex organism begins long before the sex act, sometimes 
months or years before egg and sperm unite. For example, 
each egg must contain a suite of complex chemical messages 
to guide an embryo’s initial formation. In flatworms, for 
instance, the egg’s first cell division always results in a larger 
cell to the front and a smaller cell to the rear. Even if one of 
those two cells is removed, the next division again yields a 
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O/N Why Aren’t Black Holes 
Black? The Unanswered Ques¬ 
tions at the Frontiers of Science, 
Maxine Singer and I identify 
what we think are the 14 most 
compelling questions that fasci¬ 
nate today’s scientists and drive 
their research. We started with 
a few topics—the origin of life, 
the nature of matter and forces, 
and the ultimate fate of the uni¬ 
verse, for example—that we 
found, through informal sur¬ 
veys, appear on almost every 
scientist’s list. We added ques¬ 
tions related to new materials, 
energy, aging, and the environ¬ 
ment based on the vast research 
efforts now being devoted to 
them. And, finally, we mixed 
in questions about the earth’s 
deep interior, dark matter in 
outer space, and genetics that 
relate directly to our own 
research. 

1. What is dark matter ? 
Evidence from rapidly rotating 
galaxies suggests that much of 
the mass of the universe—per¬ 
haps more than 90 percent—is 
different from familiar forms of 
matter. Can we learn to detect 
this elusive missing mass and 
study its properties? 

2. What will be the ulti¬ 
mate fate of the universe? 
The Big Bang theory postulates 
that the universe has been 
expanding since the moment of 
creation, but gravity must be 



slowing that expansion. Will the 
expansion continue forever, or 
will the universe eventually 
begin to collapse back in on 
itself, ending in a “big crunch”? 

3. Can we devise a theory 
of everything? Subatomic par¬ 
ticles and the forces they exert 
on each other display striking 
patterns that suggest deep 
underlying symmetries in 
nature. Physicists search for one 
sweeping theory that will 
account for the behavior of all 
matter and energy. 


4. How DO atoms combine? 
Atoms exhibit extraordinary 
properties when combined: 
fuzzy, blue, wet, and sweet 
describe collective properties 
unlike anything associated with 
individual atoms. Chemists con¬ 
tinue to exploit empirical trends, 
theoretical computations, and 
trial-and-error methods in their 
quest for new materials. 

5. Will we run out of 
energy? Energy is essential to all 
human pursuits, yet supplies of 
cheap and clean fuels are lim¬ 


ited. The search for new energy 
sources, including those based 
on solar power and nuclear 
fusion, are forefront research 
priorities. 

6. What’s going on inside 
THE EARTH? The earth’s dynamic 
interior helps to shape the 
planet’s surface, and drives 
many of its most destructive nat 
ural disasters. Earth scientists 
combine seismic data and labo¬ 
ratory simulations in an effort to 
understand processes in the 
inaccessible deep interior. 

7. How MANY PEOPLE CAN THE 
EARTH SUSTAIN? Many observers 
conclude that the human popu¬ 
lation, which at today’s growth 
rates will exceed 25 billion by 
the mid-twenty-first century, is 
the greatest threat facing 

our future. The question of 
the maximum sustainable 
population is central to many of 
the earth’s most pressing envi¬ 
ronmental concerns. 

8. How did life on earth 
originate? Of all the age-old 
origin questions, the process by 
which life arose is the most 
amenable to study in the labora¬ 
tory. Experiments, both on 
primitive single cells and on the 
prebiotic synthesis of organic 
chemicals, hold the promise for 
duplicating key steps in life’s 
early history. 

9. Can we unravel the 
genetic code? All known life 


larger and a smaller cell in the same orientation. In this way, 
in fact, the separation of head from tail occurs right from the 
start by a chemical signal in the egg. But the egg can’t control 
development forever. After two cell divisions (four cells total) 
removal of any one cell will result in grievous deformity in 
the flatworm. Evidently, from that point on, the cells them¬ 
selves send each other signals that guide development, but 
exactly how is the subject of further investigation. 

□ Gene regulation-. The process by which a specific gene is 


triggered into producing or not producing a protein lies at 
the heart of developmental biology. Every cell of an organ¬ 
ism contains the complete genome—the instructions for 
making every protein—yet cells perform remarkably spe¬ 
cialized functions. The human pancreas, for example, is a 
composite of different types of cells that produce key chem¬ 
icals including the hormone insulin and a variety of digestive 
enzymes. All cells in the pancreas carry all of the body’s 
genes, but in each cell type only a limited number of spe- 
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forms employ the same genetic 
language, encoded by DNA and 
transcribed by RNA. Forefront 
research now focuses on under¬ 
standing the roles of our 80,000 
genes, and discovering ways of 
modifying DNA to fight disease- 
and develop new organisms. 

10. HOW DID LIFE ON EARTH 
BECOME SO varied ? The evolu¬ 
tion of life by natural selection 
is one of the most thoroughly 
documented theories in science, 
but many questions remain 
about the rate and mechanisms 
of the process. Biologists are 
trying to learn why competitive 
systems tend toward complex¬ 
ity, and to identify principles 
that underlie their development. 

11. How DO WE DEVELOP 
FROM A SINGLE CELL? One of the 
oldest mysteries in biology is the 
process by which a single cell, 
the fertilized egg, becomes a 
human being. Meticulous work 
on the developmental biology of 
flies, worms, and fish is provid¬ 
ing tantalizing insights about 
our own development. 

12. What are the physical 
ORIGINS OF MEMORY? The 
human brain is the most com¬ 
plex object known. While an 
understanding of consciousness 
still lies more in the realm of 
philosophy than science, we are 
beginning to address the physi¬ 
cal nature of information stor¬ 
age in the brain. 


13. Is BEHAVIOR DICTATED BY 
genes? Human behavior and 
genes are inextricably linked; 
many genetic disorders, for 
example, result in serious 
behavioral abnormalities. But 
the extent of the links between 
genes and behavior, and the 
modifying influences of envi¬ 
ronment, are still matters of 
intense study and contentious 
debate. 

14. Are we alone in the 
UNIVERSE? Of all deep questions 
about the universe, the possible 
existence of extraterrestrial life 
has the simplest answer: either 
we are alone, or we are not. Yet 
no question has more profound 
implications in the search for 
understanding about our place 
in the cosmos. 

Other scientists may feel other 
unanswered questions are even 
more important, especially those 
related to their own work. In 
fact, any scientist who does not 
include his or her own research 
field in a list of top unanswered 
questions should consider 
switching fields. But whatever 
the list, it’s important to note 
that it will change dramatically 
in the years ahead as now 
unimaginable questions come to 
light. Indeed, the most exciting 
part of the scientific drama is the 
continual discovery of phenom¬ 
ena that we didn’t know we 
don’t know.— Robert Hazen 


cific pancreatic proteins are manufactured. Similarly, every 
cell contains the genes for producing the two proteins that 
constitute hemoglobin, but these genes are only expressed in 
red blood cells. 

Scientists have discovered that a unique mix of chemical 
signals control every developmental step. But we have only 
just begun to uncover the secrets of how these signals regu¬ 
late the development and processes of the thousands of 
genes in each cell of the body. 


□ Programmed cell death: Developmental biology is as 
much about cell death as it is about cell growth. As an 
embryo develops, exquisitely selective cell death sculpts 
embryonic pits, cavities, and tubes that will become major 
structures of the body. The cells that form the weblike tis¬ 
sues between developing digits, for example, all die at a cer¬ 
tain time to leave isolated fingers and toes. In the brain, 
cells expire at enormous rates, leaving only those that have 
established productive, interacting networks. Programmed 
cell death also eliminates cells of the immune system that 
recognize and would attack our own molecules. And 
throughout life, programmed cell death serves the crucial 
role of controlling numbers of cells and helping excise dam¬ 
aged or defective cells. Learning how cells know when to die 
remains one of the central unanswered questions of devel¬ 
opmental biology. 

□ Assembly instructions: Many creatures—flies, worms, fish, 
and people—rely on remarkably similar body plans. All these 
organisms, along with most other animals, have a front, a 
rear, and a long gut extending from one end to the other. In 
1984, biologists working with—what else—the fruit fly 
noticed that a grotesque mutation that placed fully formed 
legs on the head in place of antennae coincided with a defect 
in a small DNA segment of a gene. This segment, called the 
“homeobox,” a small protein that binds neatly to a specific 
DNA segment, regulates genes that are crucial to pattern for¬ 
mation, particularly recurrent patterns such as arthropod seg¬ 
ments, fly-eye facets, and mammal vertebrae. 

Nearly identical homeobox segments appear more than 
100 times on the fly genome, each segment associated with 
a different key developmental gene. These homeoboxes and 
their associated genes cluster along two giant chromoso¬ 
mal sequences, each a staggering quarter-million base pairs 
long. Developmental biologists were amazed to discover 
that the physical order of these developmental genes along 
the chromosomes is the same as the front-to-back order of 
the segments in the fly embryo. When a homeobox is bro¬ 
ken, the fly’s assembly instructions are somehow scrambled. 

But what really grabbed the biologist’s attention was the 
subsequent discovery of nearly identical homeobox seg¬ 
ments in all sorts of organisms, from worms to humans. The 
exact same genetic switch appears to operate in countless 
ways, triggering packets of genetic instructions that make all 
manner of anatomical structures, from teeth to toes. 

The implications of this discovery are vast. For a time it 
seemed as if every step of the developmental process was a 
special case, dependent on its own unique blend of genetic 
signals. Discovery of the universal role of the homeobox 
confirms what many biologists had hoped—that general 
principles underlie the details, and that exhaustive research 
on fruit flies and other animals has direct bearing on human 
development. 

In fact, both the general principles and many of the spe¬ 
cific steps observed in fly development shed light on the 
much more complex and inaccessible process in humans. 
For example, some scientists now suspect that defects in 
these homeobox control sequences may be responsible for 
many birth defects and spontaneous abortions in humans. 
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READER SURVEY 


Do You 

Want to Know ? 


R obert Hazen and Max¬ 
ine Singer have identi¬ 
fied what they believe are the 
14 most profound ques¬ 
tions in science 
today. Do you 
agree with their 
list? What ques¬ 
tions would you 
add or subtract, and why? 

Please send your ques¬ 
tions and comments to: 

Reader Survey, Technol¬ 
ogy Review, MIT Build¬ 
ing W59,77 Massachu¬ 
setts Ave., Cambridge, 

MA 02139. You may 
also e-mail us at greatun- 
known@mit.edu, or respond 
to the online version of this arti¬ 
cle on our Web page at 
http://web.mit.edu/ techre- 
view/. We will forward the 
responses to Robert Hazen 
and Maxine Singer, who will 
tabulate the results and sum¬ 
marize your ideas for publica¬ 
tion in a future issue of Tech¬ 
nology Review. 

A few thinkers besides 
Hazen and Singer have been 
emboldened to offer their per¬ 
sonal lists of the most funda¬ 
mental scientific questions. 

For example, Paul Davies, a 
theoretical physicist at the 
University of Newcastle- 
Upon-Tyne in the UK, identi¬ 
fies “the Big Four questions of 
existence: Why are the laws of 
nature what they are? Why 
does the universe consist of 
the things it does? How did 
those things arise? How did 
the universe achieve its orga¬ 
nization?” Though profound, 
these questions are at least 


one step removed from the 
kind of inquiry that scientists 
can pursue in any systematic 
way, through observa¬ 
tion and experiment. 
In formulating 
your questions, 
please consider 
those that you 
think science could 
begin to address 
today or in the foresee¬ 
able future. It may also be 
helpful to bear in mind 
that the most profound 
questions are not always 
the most obvious ones. 
While the ultimate fate of 
the universe, the origin of life, 
and the inevitability of aging 
and death have intrigued us 
for thousands of years, other 
compelling questions, such as 
the nature of energy, the con¬ 
trol of genes, and the mystery 
of dark matter, are far more 
subtle, emerging gradually 
from the nagging persistence 
of odd observations and 
anomalous bits of data col¬ 
lected over decades or even 
centuries. 

Finally, don’t feel com¬ 
pelled to ask questions that 
involve long, complex 
answers. An exhaustive mul¬ 
tivolume catalog of all the 
world’s mammals, though 
useful, would likely provide 
few fundamental new 
insights, while an unam¬ 
biguous “yes” or “no” 
answer to the question of 
whether intelligent life exists 
on other worlds would be as 
profound as any discovery in 
history. □ 



Moreover, if we can someday crack this code, patients 
may be able to regenerate their own damaged kidneys or 
lungs from a single healthy cell. Victims of brain and 
spinal-cord injuries might be coaxed into producing new 
neurons and nerve cells. And we might be able to target 
and suppress cancer cells, whose genetic instructions have 
gone awry. The instructions to set things right are deeply 
buried within each of us; we need only learn to read them. 

As scientists delve further into the details of human 
development, aging, and death, we begin to glimpse how 
the unanswered questions related to human development 
and health are not and cannot be confined to science 
alone. Scientists, along with the rest of society, must ask 
what we should do with information about a genetic pre¬ 
disposition to disease. How will people cope with such 
information? Who should have access to such informa¬ 
tion? How will it be used, and how will we protect indi¬ 
viduals from genetic discrimination? 

As we learn to read and interpret our genetic scripts, 
we must recognize that each and every one of us brings 
into this world a set of genetic predispositions that we 
did not choose. We must ask ourselves how strictly deter¬ 
minative these scripts are, and whether and how we can 
modify their outcomes by behavior, diet, or medicine. 
These social and ethical issues remain as compelling a 
set of unanswered questions as the pathways of cell devel¬ 
opment and death. 

Clearly, even the most cursory review of today’s most 
compelling scientific questions promises centuries of 
research adventure and discovery. We have yet to answer 
the mystery of dark matter in outer space, understand the 
astonishing origin of life, unravel the unimaginably com¬ 
plex development of you and me from single cells, and 
explore a thousand other questions both asked and as yet 
unasked. 

Critics such as John Horgan divide science into neat lit¬ 
tle pieces: the end of physics, the end of cosmology, the 
end of evolutionary biology, as if scientific knowledge 
comes in a few little parcels that can be hermetically sealed 
and put aside when complete. Nature knows no such 
boundaries. Physics is a part of cosmology is a part of geol¬ 
ogy is a part of life. The most exciting questions awaiting 
future scientists will arise not at the centrum of established 
knowledge, but at the unexplored interfaces of traditional 
academic disciplines. Profound unanswered questions 
about the environment, evolution, and the diversity of life 
in the universe span traditional boundaries and require new 
modes of thought and strategies for answering them. 

The more our knowledge grows, the more we realize 
how much we don’t know. We almost certainly have yet 
to recognize and ask many of the most profound ques¬ 
tions about the universe. The true measure of scientific 
progress is thus not so much a catalog of the questions we 
can answer as the list of questions we have learned to ask. 
And as far ahead as anyone can foresee, the questioning 
will not end.O 
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By Jonathan D. Moreno 



half-century after the creation 
of the Nuremberg Code of research 


ethics , scientists still struggle to 
e a balance between human 
its and medical progress. 

r~l ifty years ago this summer, the trial 
H«4 of 23 Nazi doctors and medical sci- 
E entists for performing cruel and 
inhuman experiments on concentration- 
camp inmates led to the creation of the 



Nuremberg Code, a milestone in the 
history of medical ethics. The first line 
of the code, “The voluntary consent 


of the human subject is absolutely 


essential,” is generally regarded as 
the sine qua non for the ethical 
conduct of research. During the 
past year, institutions through- 

_out the United States and 

Europe have been sponsor- 
ing events to celebrate the 
Nuremberg Code as a bul¬ 


wark of human decency 
in the pursuit of scien¬ 
tific knowledge. 
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Although the ideals it embodies are now viewed as unas¬ 
sailable, the code was initially greeted by medical scientists 
as poorly conceived and unrealistic. For decades, it only spo¬ 
radically influenced research ethics in policy or in practice; 
many doctors and scientists resisted applying the principle of 
informed consent to their own work. The code’s uneven 
influence can be attributed to the extreme circumstances of 
its origin, the culture of medicine 
at the time, and the broad phras¬ 
ing its authors employed. Like so 
many ethical maxims (“Love thy 
neighbor as thyself”), the princi¬ 
ple of voluntary informed consent 
seems uncomplicated. Yet 50 
years after it was first articulated, 
we are still struggling to live up 
to it. 

To Do More Than 
Hand Down Judgments 

HE war crimes trial of the 

Nazi doctors that led to 

_ the code was held in 

Nuremberg, West Germany, from 
December 1946 to August 1947. 

Nuremberg was chosen partly for 
symbolic reasons, for it was there 
that the Nazi Party held giant, 
theatrical rallies designed both to 
impress those faithful to the Reich and to intimidate those 
who opposed it. 

The doctors’ trial began a few months after the conclusion 
of proceedings against two dozen leaders of the Third Reich, 
including Hermann Goering, Rudolf Hess, and Joachim 
von Ribbentrop. Although the American forces occupying 
Germany had not at first planned to conduct an inquest on 
human experimentation, their decision changed as infor¬ 
mation emerged about the medical atrocities committed in 
the concentration camps. The details of what prosecutors 
called “the medical case” so shocked them that they decided 
to pursue the matter as a war crime under the charter of 
the international tribunal. 

Medicine had a central place in the Nazi enterprise, for 
the Nazis believed doctors had a special role in improving 
the “Volk.” Jews, Gypsies, homosexuals, the mentally 
retarded, and others were singled out as corrupting influ¬ 
ences in the German national body, much like bacteria 
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invading the individual. The view that these groups consti¬ 
tuted a kind of public health menace implied an instrumen¬ 
tal role for the medical profession in the business of “diag¬ 
nosing” and “treating” the problem. 

Although many doctors were involved in the Nazis’ racial 
hygiene policies—and nearly half of German doctors were 
Nazi party members—those who had access to concentra¬ 
tion camp inmates for research 
purposes had to be well con¬ 
nected with the Nazi political 
hierarchy. Although we are not 
accustomed to thinking of the 
Nazi doctors in the mundane 
terms of careerism, part of their 
motivation was typical academic 
ambition. These scientists wanted 
to be among the first to make the 
medical breakthroughs that 
would advance the military goals 
of the Third Reich and make 
them heroes of racial medicine. 

The special role given medical 
science in the Third Reich created 
an excellent opportunity for a few 
influential researchers to avail 
themselves of experimental sub¬ 
jects they could not have obtained 
under other conditions. The fact 
that most concentration camp 
inmates were eventually slated to 
die helped doctors rationalize their use as research subjects. 
The urgency of the war effort and the endorsement of the 
highest state authorities further encouraged these scientists 
to perform human-subjects research on problems of pressing 
concern on the battlefield. 

One of these was the most efficacious way to thaw Luft¬ 
waffe fliers forced to bail out over the frigid waters of the 
North Sea. To test various thawing techniques Nazi 
researchers exposed a number of prisoners to freezing con¬ 
ditions and experimented with various methods of reviving 
them. Other experiments for military purposes included 
forcing subjects to drink only seawater to determine how 
long pilots could survive once downed in the ocean and 
establishing the point at which lungs exploded due to atmo¬ 
spheric pressures, an important issue for fighter pilots seek 
ing to avoid anti-aircraft fire. An estimated 100,000 human 
beings died horrible deaths in the course of experiments at 
Auschwitz, Buchenwald, Dachau, Sachsenhausen, and other 
camps. 

The brief against the defendants was delivered on Decem¬ 
ber 9,1946, by chief prosecutor Telford Taylor. In his open¬ 
ing statement, Taylor declared that the men were on trial 
for “murders, tortures, and other atrocities committed in the 
name of medical science.” But the prosecutors soon discov¬ 
ered that the case raised issues that were more problematic 
than they had realized—among them the lack of interna- 


onfident of their 
sound motivations, 
mainstream medical 
practitioners did not 
see how their actions 
could fall into the same 
ethical category as those 
of the Nazi doctors. 
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tors. That their actions might fall into the same ethical cat¬ 
egory was difficult for most such practitioners to conceive. 

The fact that the Nazi experiments occurred during 
wartime also made the code seem remote from the conduct 
of peacetime research. Although the Nuremberg judges 
utterly rejected national-security concerns as a rationale for 
the medical experiments, ordinary people may have viewed 
these crimes less as the actions of culpable individuals than 
as the result of specific national policies. While governments 
at war might order such extreme and brutal measures, 
surely few individuals would do such a thing on their own 
initiative. 

In fact, the principle of informed consent was far from 
entrenched in American medical practice at the time. Most 
large-scale research on human subjects, spurred by World 
War II, was conducted by the military on institutionalized 
“volunteers”—conscientious objectors, prisoners, people 
confined to mental institutions, or, in rare cases, military 
personnel. Researchers preferred institutionalized subjects 
because it was easier to monitor them. 

Although it is clear in retrospect that the Nuremberg 
judges purposely chose to enshrine the principle of volun¬ 
tary consent in the broadest possible terms, the very sweep 
of their language made the code seem poorly crafted. 
According to historical research conducted by the Presi¬ 
dent’s Advisory Committee on Human Radiation Experi¬ 
ments in 1994, what struck many medical researchers as 
especially unrealistic was the code’s seemingly categorical 
ban on research with any subjects who could not 
give voluntary informed consent. This 
appeared to pose an insurmountable 
obstacle to progress in key areas of 
medicine such as pediatrics and 
psychiatry. 

The issue of research on 
children was an especially 
thorny one. Some of the 
most important medical 
research in history has 
been aimed at con¬ 
quering childhood dis¬ 
eases, particularly by 
developing vaccines. 
Researchers had to ex¬ 
periment on children in 
order to ensure the ef¬ 
fectiveness of the vaccine 
on its target population 
and determine the proper 
dosage. Some of these 
experiments were of 
enormous benefit to 
their subjects as 
well as to future 
generations of chil¬ 
dren. Nonetheless, 


tionally recognized codes of medical ethics by which the 
behavior of the Nazi doctors could be judged. Nonetheless, 
nearly eight months later, after harrowing testimony about 
the experiments by surviving victims, the Nuremberg judges 
sent seven of the defendants to their deaths and sentenced 
eight more to lengthy prison terms. (None of those who 
were imprisoned served a full sentence, and many went on 
to distinguished careers in postwar Germany.) 

The three-judge panel decided that it needed to do more 
than simply hand down the judgments. The members 
decided to codify the rules they believed should govern the 
use of human beings in all medical research. The Nurem¬ 
berg Code begins: “The voluntary consent of the human 
subject is absolutely essential. This means that the person 
involved should ... be so situated as to be able to exercise 
free power of choice, without the intervention of any ele¬ 
ment of force, deceit, duress, over-reaching, or other ulterior 
form of constraint or coercion.” The code also included pro¬ 
visions requiring that the scientific importance of the ques¬ 
tion be manifest, that risks to the subjects be kept to a min¬ 
imum, and that prior experimentation be performed on 
animals. 

Despite its powerful moral influence, the code carried no 
legal authority. No mechanisms were created to enforce it. 
In fact, the very circumstances that gave the code its high 
moral standing—the horrors that surrounded its origins— 
partly account for its relative lack of influence in the post¬ 
war years: ordinary researchers found it hard to believe 
that the code need be applied to their own work. 


Extraordinary Circumstances 


N the early years after 
Nuremberg, revulsion at 
the entire death-camp 
phenomenon was so great 
that it was difficult for 
many to see how the 
Nuremberg Code could 
apply to normal condi¬ 
tions. As the Yale psy¬ 
chiatrist and law pro¬ 
fessor Jay Katz put it, 
the medical community’s 
general attitude was, “It 
was a good ethics code 
for barbarians.” But not 
necessarily for everyone else. 
Confident of their sound 
motivations and humane 
instincts, mainstream 
medical practitioners 
felt they were inoc¬ 
ulated against the 
evil that had in¬ 
fected the Nazi doc- 
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it was widely recognized 
that children are not 
capable of granting con¬ 
sent. The question con¬ 
fronting researchers, 
then, was whether the 
authors of the code in¬ 
tended to abandon this 
whole field of research, 
even at the cost of saving 
children’s lives. 

The by-now-familiar 
solution was to establish 
parental permission as 
the moral equivalent of 
the child’s consent, on the 
grounds that parents will 
act in the best interest of 
the child. Although ob¬ 
taining parental consent 
became standard practice 
by the late 1950s, it was 
not required by federal 
regulations until the late 
1970s. This resolution 
extended to the most vul¬ 
nerable members of soci¬ 
ety the principal lesson of Nuremberg. 

However, not all of society’s vulnerable members were 
equally well protected. Because there were fewer advocates 
for the mentally ill than for children, the federal government 
has never enacted regulations specifically targeting the use 
of psychiatric patients in research. Research on prisoners— 
another group whose ability to grant consent is compro¬ 
mised—continued through the mid-1970s, when political 
pressures from a variety of sources forced the federal gov¬ 
ernment to declare a halt on the grounds that consent cannot 
be truly voluntary in an inherently coercive environment. 

The Doctor Knows Best 

P HYSICIANS in the United States gradually became will¬ 
ing to concede that the use of unconsenting subjects 
in experiments that could not benefit them was a 
dangerous encroachment of science on personal privacy. But 
therapeutic research—studies involving sick patients who 
might in some way benefit from experimental treatment— 
was a different story. Doctors jealously guarded the “thera¬ 
peutic privilege,” the right to withhold information from 
patients. 

Although the field of medicine was changing rapidly, the 
culture of medical practice still operated largely on an old- 
fashioned, paternalistic model. According to this view, the 
trusting, nearly sacred relationship between doctor and 
patient was based on the premise that the doctor knows 
best; a good patient was defined as a compliant one. Even if 


the physician’s care in¬ 
volved the use of experi¬ 
mental drugs or devices 
as part of a scientific 
study, doctors were re¬ 
luctant to involve pa¬ 
tients in making deci¬ 
sions about their own 
care. 

Nothing symbolized 
doctors’ fears of intru¬ 
sion into their relation¬ 
ships with patients more 
than consent forms. In 
the early 1950s consent 
forms were used in cer¬ 
tain exceptional cases 
(such as invasive proce¬ 
dures that simply could 
not be performed with¬ 
out a patient’s knowl¬ 
edge and cooperation) 
but not in the vast bulk 
of therapeutic research. 
For the most part, the 
privacy of the doctor- 
patient relationship was 
accepted as serving tne public interest. 

The philosophy of medical paternalism was codified in 
the 1964 Helsinki Declaration. Partly in response to the 
consent problems posed by the Nuremberg Code, the World 
Medical Association had begun deliberations to formulate 
its own research code in 1953. The resulting document drew 
a sharp line between therapeutic and nontherapeutic 
research; doctors were not required to obtain consent for 
experimental procedures performed on their patients if this 
requirement was not “consistent with patient psychology.” 
This might apply, for instance, to terminally ill patients who 
could become depressed and unwilling to undergo further 
treatment if informed of their prognoses. 

Few doctors involved in research in the 1950s paused to 
reflect on the contradictions between their own roles as care¬ 
givers and as researchers—the so-called double-agent prob¬ 
lem. For example, from the 1940s through the early 1960s, 
scientists performed a series of secret, government-spon¬ 
sored radiation experiments on patients who were hospital¬ 
ized, institutionalized, or seeking treatment for other condi¬ 
tions (such as pregnancy), often without obtaining the 
patients’ consent. When records of these experiments 
recently became public, they provoked widespread outrage. 
At the time, however, there was no mechanism requiring sci¬ 
entists to obtain consent from their subjects. And even 
though the researchers must have been aware of the exis¬ 
tence of the Nuremberg Code, it is doubtful that they felt 
its provisions applied to research conducted in the context of 
the doctor-patient relationship. 
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An Emerging Consensus on Consent 

T ogether these factors worked against implement¬ 
ing the consent requirement of the Nuremberg 
Code in any formal or consistent fashion in the first 
decade after it was articulated. But in the early 1960s a 
wave of medical scandals brought the issue of informed 
consent to the fore. In 1963, a university team conducted a 
well-publicized but medically doomed effort to transplant 
a chimpanzee kidney into a human patient—an experiment 
conducted partly with federal funds, but without prior ani¬ 
mal studies or valid scientific justification. The episode 
heightened concern about the lack of scientific or govern¬ 
ment oversight of research using human subjects. 

A few years later, Harvard anesthesiology professor 
Henry Beecher, in an article in the New England Journal of 
Medicine, claimed to have found 22 obvious abuses of 
human subjects in the recent medical literature. In one of 
these cases, researchers injected live cancer cells into debili¬ 
tated patients at the Brooklyn Jewish Chronic Disease Hos¬ 
pital without the subjects’ knowledge in order to determine 
whether their immune systems could mount a defense 
against the cancer. (The subjects were not harmed by the 
experiment.) 

In 1966, the surgeon general 
announced a policy to govern 
human-subjects research sup¬ 
ported by Public Health Service 
grants. It required institutions 
receiving PHS support to create 
an institutional review board to 
oversee research involving human 
subjects and demanded that 
researchers obtain consent from 
their subjects. 

But if a single event broke the 
back of medical paternalism in 
research it was surely the 
Tuskegee syphilis study. From the 
early 1930s to the early 1970s, 

U.S. Public Health Service doc¬ 
tors had studied more than 400 
black men with syphilis in 
Macon County, Ala. The men 
were not told they had the dis¬ 
ease, nor were they offered treat¬ 
ment—even after the discovery of penicillin made treat¬ 
ment much more effective. When a journalist broke the 
story, a firestorm of outrage swept the country. The require¬ 
ment for the “voluntary consent of the human subject” had 
been systematically abused right here in America, in a study 
that had begun just around the time the Nazis took power 
in Germany. 

The federal government appointed a commission to inves¬ 
tigate the scandal in 1972. Recommendations based on its 
findings, released in 1978, were incorporated into Depart¬ 


ment of Health and Human Services regulations in 1981 and 
extended to all federal agencies conducting or sponsoring 
human-subjects research in 1991. As a result of the Tuskegee 
scandal, the requirement for voluntary consent in research 
became deeply etched in the law and in the minds of many 
who had not seen the need for vigilance before. 

The Code Today 

A lthough it took decades to gain wide acceptance, 
the Nuremberg Code exerts a profound influence 
on the conduct of medical research today. An excel¬ 
lent example is the recent ruling by the Food and Drug 
Administration (FDA) governing research in the emergency 
room. 

Because standard treatments for some conditions, such as 
head injuries, are ineffective, doctors want to try experi¬ 
mental drugs and devices that they consider promising, 
based on laboratory work and animal testing. But many 
emergency room patients suffering from these conditions 
are unconscious and relatives may not be present. The 
inability to obtain consent has slowed the pace of vitally 
needed research. 

The FDA ruling permits 
researchers to enroll patients with 
life-threatening conditions in cer¬ 
tain studies even if they are 
unable to grant voluntary 
informed consent, but only if 
they have informed the commu¬ 
nity that such studies are going 
on and that anyone who is admit¬ 
ted to the emergency department 
with a serious condition could be 
assigned as a subject. While 
media accounts have portrayed 
the FDA decision as a step back 
from the principle of informed 
consent, the fact that the agency 
had to make an explicit exception 
shows the tenacity with which we 
now embrace it. The ruling repre¬ 
sents one step in the continuing 
effort to walk the fine line 
between medical progress and 
human rights. 

The Nuremberg Code also contributed to a sea change 
in public attitudes toward research, which in turn has 
spurred debate over access to experimental treatments. It 
took decades to develop a consensus within the medical 
community that even ordinary science conducted by well- 
meaning researchers can lead to unintended harm. Today a 
system of carefully designed regulations protects desperate 
people from medical experiments that might only make 
them worse. In fact, the protections built into the system 
are so successful that people have become confident of low 


The question 
confronting researchers 
was whether the authors 
of the Nuremburg Code 
intended to abandon 
research on children 
even of it would help 
save their lives. 
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risks and high benefits if they are granted access to experi¬ 
mental drugs. 

In the 1980s, AIDS activists mounted a series of success¬ 
ful campaigns to broaden access to experimental drugs such 
as AZT. Similarly, women of reproductive age, who were 
systematically excluded from many drug trials following 
the thalidomide tragedy of the early 1960s, have sought to 
participate equally in research in order to capture the poten¬ 
tial benefits of experimental treatments and ensure that 
drugs or devices are developed to meet their needs. For 
instance, women excrete medications at different rates than 
men, and since women are more likely than men to use pre¬ 
scription drugs, advocates have argued that they should be 
better represented in research studies. 

Today, concern about informed consent in medical 
research is greater than ever. In response to the uproar over 
the Cold War radiation experiments, President Clinton 
recently announced that henceforth all secret human 
research conducted in the name of national security would 
be subject to the rules of informed consent, and that scien¬ 
tists would reveal the names of the sponsoring agencies to 
participants. What’s more, Clinton’s advisory commission 
on bioethics, appointed last year; will undertake a review of 
current practices and requirements regarding the use of 
human subjects. In particular, the commission should 
address ways to ensure that voluntary consent is meaningful. 


For instance, there is evidence that seriously ill patients 
often overestimate the likelihood that they will benefit from 
experimental treatments. Early trials of a new drug may be 
designed to determine its effects on the body, such as the rate 
at which it is excreted—not whether or not it is likely to cure 
the patient. In fact, most experimental treatments don’t work. 
In order for consent to be truly voluntary, the commission 
should require that sick patients receive counseling to ensure 
they understand the implications of research for themselves. 

Another issue confronting the commission is whether 
states should enable people to declare in advance of a serious 
illness and loss of capacity their willingness to be a research 
subject in a study that might help them. At least some peo¬ 
ple who may be candidates for emergency-room research 
might be willing to make such an advance declaration. This 
measure would enable researchers to continue to investi¬ 
gate experimental emergency-room treatments without rely¬ 
ing so heavily on unconsented research. 

The principle of informed consent continues to pose new 
dilemmas for medical science. It is not always easy to find the 
balance between human rights and scientific progress. Yet 
the simplicity and intuitive force of the ideas articulated in 
the Nuremberg Code ensure their lasting moral relevance. ■ 
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dome organizations seem to have purged “hitman error :" 
operating highly complex and hazardous technological systems 


essentially without mistakes. How do they do it? 
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uccr.ss is much Itardor to 
analyze than failure. When 
|^■things go \\yong in a 
chemical plant or space 
program, it’s usually possible to fig¬ 
ure out the causes and resolve to 
avoid those things in the future. 
But when things go right, it’s diffi¬ 
cult to know why. Which factors 
were important to the success, and 
which weren’t? Was the success due 
to skill, or just luck? If we are to 
leant to deal with hazardous tech¬ 
nologies, our best bet is to look for 
organizations that manage risk suc¬ 
cessfully and see how they do it. 

This is the goal of the high-reli¬ 
ability organization project at the 
University of California, Berkeley. 
For more than a decade, Todd La 
Porte, Karlene Roberts, and Gene 
Rochlin have been studying 
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groups that seem to do the impossible: operate highly com¬ 
plex and hazardous technological systems essentially with¬ 
out mistakes. The U.S. air traffic control system, for 
instance, handles tens of thousands of flights a day around 
the country. Air traffic controllers are not only responsible 
for choreographing the takeoffs and landings of dozens or 
hundreds of flights per hour at airports but also for directing 
the flight paths of the planes so that each keeps a safe dis¬ 
tance from the others. The success is unequivocal: for more 
than a decade none of the aircraft monitored on the con¬ 
trollers’ radar screens has collided with another. Yet the 
intricate dance of planes approaching and leaving airports, 
crisscrossing one another’s paths at several hundred miles an 
hour, creates plenty of opportunity for error. This record of 
safety is not due to extremely good luck, the three Berkeley 
researchers conclude, but to the fact that the institution has 
learned how to deal effectively with a complex, hazardous 
technology. 

Perhaps the most impressive organizations they have stud¬ 
ied are the nuclear aircraft carriers of the U.S. Navy. While 
it’s impossible for anyone who hasn’t worked on such a 
ship to truly understand the complexity, stress, and hazards 
of its operations, this description by a carrier officer to the 
Berkeley researchers offers a taste: 

So you want to understand an aircraft carrier? Well, just 
imagine that it’s a busy day, and you shrink San Francisco 
Airport to only one short runway and one ramp and gate. 
Make planes take off and land at the same time, at half the 
present time interval, rock the runway from side to side, and 
require that everyone who leaves in the morning returns 
that same day. Then turn off the radar to avoid detection, 
impose strict controls on radios, fuel the aircraft in place 
with their engines running, put an enemy in the air, and 
scatter live bombs and rockets around. Now wet the whole 
thing down with salt water and oil, and man it with 20- 
year-olds, half of whom have never seen an airplane close 
up. Oh, and by the way, try not to kill anyone. 

A Nimitz-class carrier flies ninety aircraft of seven differ¬ 
ent types. These aircraft have only several hundred feet in 
which to take off and land instead of the mile or more avail¬ 
able at commercial airports, so they need help. At takeoff, 
the planes are catapulted by steam-powered slingshots that 
accelerate them from standstill to 140 knots (160 miles per 
hour) in just over two seconds. As each plane is moved into 
place on the steam catapult, crewmen check it one last time 
to make sure that the control surfaces are functioning and 
that no fuel leaks or other problems are visible. The cata¬ 
pult officer sets the steam pressure for each launch depend¬ 
ing on the weight of the plane and wind conditions. The 
spacing of the launches—about every 50 seconds—leaves no 
time for errors. 

But it is the recovery of the planes that is truly impres¬ 
sive. They approach the flight deck at 120 to 130 knots 
with a tail hook hanging down to catch one of four arresting 


Robert Pool is a science writer based in Arlington, Va. This 
article is excerpted from Beyond Engineering: A New Way of Think¬ 
ing About Technology, published in June by Oxford University Press. 



wires stretched across the 
deck. As a plane ap¬ 
proaches, the pilot radios 
his or her fuel level. With 
this information, the peo¬ 
ple in charge of the arrest¬ 
ing gear calculate the 
weight of the plane and fig¬ 
ure the proper setting for 
the arresting-gear braking 
machines. If the pressure is 
set too low, the plane may 
not stop soon enough and 
so topple off the end of the 
deck into the sea. If the 
wire is too taut, it could 
pull the tail hook off or else 
snap and lash out across 
the deck, injuring or killing 
anyone in its path. The 
pressure for each of the 
four wires is set individu¬ 
ally by a single seaman. 

Meanwhile, landing sig¬ 
nal officers are watching 
the approach of the plane, 
advising the pilot and 
then—if everything appears 
right—okaying the land¬ 
ing. Just as the plane 
touches down, the 
pilot gives it full 
throttle so that if 
the hook does not 
catch, the plane 
will be going fast 
enough to take 
off and come 
around again. 

If the hook does catch a 
wire, the plane is slammed 
to a halt within about two 
seconds and 300 feet. As 
soon as the plane is down 
and stopped, “yellow 
shirts” rush to it to check 
the hook and to get the plane out of the way of the next 
one. As the arresting wires are pulled back, other crewmen 
check them for frays. Then it all begins again. The cycle has 
lasted about 60 seconds. 

The launching and recovery are only part of a much larger 
process including maintenance, fueling and arming, and 
maneuvering and parking the planes on a crowded deck 
What makes the process all so truly astonishing is that it is 
done not with people who have been working together fot 
years but with a crew that turns over regularly. As writei 
John Pfeiffer observed, “The captain will be aboard for onh 
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caching and leaving airports crisscross paths in an intricate dance 


s plenty of opportunity for error. But for more than a decade , none of 


irored on controllers' radar screens has collided. 


three years, the 20 senior officers for about two and a half; 
most of the more than 5,000 enlisted men and women will 
leave the Navy or be transferred after their three-year carrier 
stints. Furthermore, they are predominantly teenagers, so 
that the average age aboard a carrier comes to a callow 
20.” 

What sort of organization can operate so reliably under 
such handicaps? La Porte, Roberts, and Rochlin spent a 
great deal of time on several carriers both in port and at 
sea, during training and on active duty, and they believe they 
understand at least part of the answer. 


On the surface, an aircraft carrier appears to be organized 
along traditional hierarchical lines, with authority running 
from the captain down through the ranks in a clearly 
defined pattern. And indeed, much of the day-to-day oper¬ 
ation of the ship does proceed this way, with discipline 
rather strictly enforced. Thick manuals of standard operat¬ 
ing procedures govern this process, and much of the navy 
training is devoted to making them second nature. These 
procedures codify lessons learned from years of experience. 
But, as the Berkeley researchers discovered, the carrier’s 
inner life is much more complicated. 
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When things heat up, as during the 
launching and recovery of planes, the 
organizational structure shifts into 
another gear. Now the crew members 
interact much more as colleagues and less 
as superiors and subordinates. Coopera¬ 
tion and communication become more 
important than orders passed down the 
chain of command and information 
passed back up. With a plane taking off or 
landing once a minute, events can happen 
too quickly for instructions or authoriza¬ 
tions from above. The crew members act 
as a team, each watching what others are 
doing and all of them communicating con¬ 
stantly through telephones, radios, hand 
signals, and written details. This constant 
flow of information helps flag mistakes 
before they’ve caused any damage. Sea¬ 
soned personnel continuously monitor the 
action, listening for anything that doesn’t 
fit and correcting a mistake before it 
causes trouble. 

A third level of organizational structure 
is reserved for emergencies, such as a fire 
on the flight deck. The ship’s crew has 
carefully rehearsed procedures to follow in 
such cases, with each member assuming a 
preassigned role. If an emergency occurs, 
the crew can react immediately and effec¬ 
tively without direction. 

This multi-layered organizational struc¬ 
ture asks much more from the crew than a 
traditional hierarchy, where following 
orders is the safest path and underlings 
are not encouraged to think for them¬ 
selves. Here, the welfare of the ship and 
crew is everyone’s responsibility. As the 
Berkeley researchers note, “Even the low¬ 
est rating on the deck has not only the 
authority, but the obligation to suspend 
flight operations immediately, under the 
proper circumstances and without first 
clearing it with superiors. Although his 
judgment may later be reviewed or even 
criticized, he will not be penalized for 
being wrong and will often be publicly 
congratulated if he is right.” 

The involvement of everyone, combined with the 
steady turnover among the officers and crew, also helps the 
Navy prevent such operations from becoming routine and 
boring. Because of the regular coming and going of person¬ 
nel, people on the ship are constantly learning new skills and 
teaching what they’ve learned to others. And although some 
of the learning is simply rote memorization of standard 
operating procedures, the Berkeley researchers found a con¬ 
stant search for better ways of doing things. Young officers 


n a naval aircraft carrier, events 1 
instructions from above. Even tl 
can suspend operations immedi 
ship and crew to be at stake. 


come on board with new ideas and find themselves 
debating with the senior noncommissioned officers 
who have been with the ship for years and know what 
works. The collision of fresh, sometimes naive approaches 
with a conservative institutional memory produces a creative 
tension that keeps safety and reliability from degenerating 
into a mechanical following of the rules. 

The Navy has managed to balance the lessons of the past 
with an openness to change and create an organization that 
has the stability and predictability of a tightly run hierarchy 
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but that can be flexible when necessary. The result is an 
ability to operate near the edge, pushing both people and 
machines to their limits but remaining remarkably safe. 

IVo Failure to Communicate 

Of course, an aircraft carrier is a unique situation, and there 
is no reason to think that what works there would be effec¬ 
tive in a commercial setting with civilian employees. But 
when the Berkeley project examined a completely different 


sort of high-reliability organization, the researchers 
tracked its success to a similar set of principles. 

The Diablo Canyon nuclear power plant, operated 
by Pacific Gas 8c Electric, lies just west of San Luis 
Obispo, Calif., on the Pacific coast. Although its 
construction was dogged by controversy and ended 
up taking 17 years and costing $5.8 billion, the plant 
has by all accounts proved to be one of the coun¬ 
try’s best run and safest since it opened in 1985. 

Like the aircraft carriers, Diablo Canyon appears at 
first to be a rigidly run hierarchy, with a formal chain 
of command leading up to a plant manager who is 
also a vice president of Pacific Gas 8c Electric. And it 
has a thick stack—a tower, really—of regulations 
telling employees how to do their jobs. This is how 
the regulators want it. Since Three Mile Island, the 
Nuclear Regulatory Commission has tried to ensure 
safety by insisting that nuclear plants follow an even 
more detailed set of rules. Plants are rated according 
to how many times they violate the regulations, and a 
pattern of violations will lead to closer supervision by 
the NRC and fines that, in serious cases, can run into 
hundreds of thousands of dollars. 

But Paul Schulman, a political scientist at Mills Col¬ 
lege in Oakland who has collaborated with La Porte, 
Roberts, and Rochlin, has found that Diablo Canyon 
has another side—a more active, probing, learning 
side. Despite the hierarchy and the regulations, the 
organization is constantly changing, questioning 
accepted practice and looking for ways to do things 
better. It is not the same sort of change found on air¬ 
craft carriers, where the steady turnover of personnel 
creates a cycle of learning the same things over and 
over again plus a gradual improvement of technique. 
Diablo Canyon maintains a relatively stable group of 
employees who know their jobs well. Nonetheless, the 
nuclear plant is as dynamic as the carrier. 

The reason, Schulman says, is that the plant has cul¬ 
tivated an institutional culture rooted in the convic¬ 
tion that nuclear plants will always surprise you. The 
result is two sets of decision-making procedures at the 
plant. The first, and more visible, consists of well- 
established rules for what to do in a particular situa¬ 
tion. Some are carried out by computer, others by peo¬ 
ple. In general, Schulman says, this set of rules is 
designed to guard against errors of omission—people 
not doing something that they should. 

But Diablo Canyon employees also work hard to avoid 
errors of commission—actions that have unexpected con¬ 
sequences. Because a nuclear plant is so complex, employees 
must constantly think about what they’re doing to avoid 
causing the system to do something unexpected and possi¬ 
bly dangerous. — 

This means that although the plant is constantly adding 
to its standard procedures as people learn more about the 
right approaches and spot new ways that things might go 
wrong, no one believes the organization will ever be able to 
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write everything down in a book. Thus the plant manage¬ 
ment chooses employees partly on the basis of how well 
they will fit into such a flexible, learning-oriented culture. 
The least desirable employee, Schulman reports, is one who 
is too confident or stubborn. 

This sort of continuous learning and improvement would 
not be possible if the Diablo Canyon organization were 
strictly hierarchical. Hierarchies may work for systems that 
are “decomposable”—that is, that can be broken into 
autonomous units—but a nuclear plant is, by its nature, 
tightly coupled. A modification to the steam generators can 
have implications for the reactor, or a change in mainte¬ 
nance procedures may affect how the system responds to the 
human operators. Because of this interdependence, the var¬ 
ious departments in the plant must communicate and coop¬ 
erate with one another directly, not through bureaucratic 
channels. 

Constant Learning: The Blessings of Ambiguity 

Members of the Berkeley project have studied not just air¬ 
craft carriers and nuclear power plants but also air traffic 
control systems and the operation of large electric power 
grids, and they detect a pattern. 

A layered organizational structure, for instance, seems to 
be basic to the effectiveness of these institutions. Depending 
on the demands of the situation, people will organize them¬ 
selves into different patterns. This is quite surprising to orga¬ 
nizational theorists, who have generally believed that orga¬ 
nizations assume only one structure. Some groups are 
bureaucratic and hierarchical, others professional and col¬ 
legial, still others are emergency-response, but management 
theory has no place for an organization that switches among 
them according to the situation. 

The realization that such organizations exist opens a 
whole new set of questions: How are such multi-layered 
organizations set up in the first place? And how do the mem¬ 
bers know when it’s time to switch from one mode of behav¬ 
ior to another? But the discovery of these organizations may 
also have practical implications. Although La Porte cautions 
that his group’s work is “descriptive, not prescriptive,” the 
research may still offer some insights into avoiding accidents 
with other complex and hazardous technologies. 

In particular, high-reliability organizations seem to pro¬ 
vide a counterexample to Yale sociologist Charles Perrow’s 
argument that some technologies, by their very nature, pose 
inherent contradictions for the organizations running them. 
Concerning technologies such as nuclear power and chemi¬ 
cal plants, Perrow writes: “Because of the complexity, they 
are best decentralized; because of the tight coupling, they are 
best centralized. While some mix might be possible, and is 
sometimes tried (handle small duties on your own, but exe¬ 
cute orders from on high for serious matters), this appears to 
be difficult for systems that are reasonably complex and 
tightly coupled, and perhaps impossible for those that are 
highly complex and tightly coupled.” But if Diablo Canyon 
and the aircraft carriers are to be believed, such a feat is not 


impossible at all. Those organization show that operations 
can be both centralized and decentralized, hierarchical and 
collegial, rule-bound and learning-centered. 

Besides the layered structure, high-reliability organiza¬ 
tions emphasize constant communication far in excess of 
what would be thought useful in normal organizations. The 
purpose is simple: to avoid mistakes. On a flight deck, every¬ 
one announces what is going on as it happens to increase the 
likelihood that someone will notice—and react—if things 
start to go wrong. In an air traffic control center, although 
one operator is responsible for controlling and communi¬ 
cating with certain aircraft, he or she receives help from an 
assistant and, in times of peak load, one or two other con¬ 
trollers. The controllers constantly watch out for one 
another, looking for signs of trouble, trading advice, and 
offering suggestions for the best way to route traffic. 

Poor communication and misunderstanding, often in the 
context of a strict chain of command, have played a promi¬ 
nent role in many technological disasters. The Challenger 
accident was one, with the levels of the space shuttle orga¬ 
nization communicating mostly through formal channels, so 
that the concerns of engineers never reached top manage¬ 
ment. The 1982 crash of a Boeing 737 during takeoff from 
Washington National Airport, which killed 78 people, was 
another. The copilot had warned the captain of possible 
trouble several times—icy conditions were causing false 
readings on an engine-thrust gauge—but the copilot had not 
spoken forcefully enough, and the pilot ignored him. The 
plane crashed into a bridge on the Potomac River. 

When a 747 flown by the Dutch airline KLM collided 
with a Pan Am 747 on a runway at Tenerife airport in the 
Canary Islands in 1977, killing 583 people, a post-crash 
investigation found that the young copilot thought that the 
senior pilot misunderstood the plane’s position but assumed 
the pilot knew what he was doing and so clammed up. And 
the Bhopal accident, in which thousands of people died 
when an explosion at an insecticide plant released a cloud of 
deadly methyl isocyanate gas, would never have happened 
had there been communication between the plant operators, 
who began flushing out pipes with water, and the mainte¬ 
nance staff, which had not inserted a metal disk into the 
valve to keep water from coming into contact with the 
methyl isocyanate in another part of the plant. 

Besides communication, high-reliability organizations 
also emphasize active learning: employees not only know 
why the procedures are written as they are but can challenge 
them and look for ways to make them better. The purpose 
behind this learning is not so much to improve safety— 
although this often happens—but to keep the organization 
from regressing. Once people begin doing everything by the 
book, operations quickly go downhill. Workers lose inter¬ 
est and become bored: they forget or never learn why the 
organization does things certain ways; and they begin to fee! 
more like cogs in a machine than integral parts of a vibrant 
institution. Effective organizations need to find ways to keep 
their members fresh and focused on the job at hand. 

Any organization that emphasizes constant learning will 
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constantly through telephones, radios, hand signals, and 

I 



written details. The constant flow of information helps flag 
mistakes before they’ve caused any damage. 


have to tolerate a certain amount of ambi¬ 
guity, Schulman notes. There will always be 
times when people are unsure of the best approach or disagree 
even on what the important questions are. This may be 
healthy, Schulman says, but it can also be unsettling to man¬ 
agers and employees who think a well-functioning organiza¬ 
tion should always know what to do. He tells of a meeting 
with Diablo Canyon managers at which he described some of 
his findings. “What’s wrong with us that we have so much 
ambiguity?” one manager asked. The manager had com¬ 
pletely missed the point of Schulman’s research. A little ambi¬ 
guity was nothing to worry about. Instead, the plant’s man¬ 
agers should be concerned if they ever thought they had all the 
answers. 

Schulman offers one more observation about high-relia¬ 
bility organizations: they do not punish employees for mak¬ 
ing mistakes when trying to do the right thing. Punishment 


may work—or at least not be too damaging—in a bureau¬ 
cratic organization where everyone goes by the book, but it 
discourages workers from learning any more than they 
absolutely have to, and it kills communication. 

If an organization succeeds in managing a technology so 
that there are no accidents or threats to the public safety, it 
may face an insidious threat: call it the price of success. The 
natural response from the outside—whether upper man¬ 
agement, regulators, or the public—is to begin to take that 
performance for granted. And as the possibility of an acci¬ 
dent seems less and less real, the cost of eternal vigilance 
seems harder and harder to justify. 

But organizational reliability, though expensive, is just as 
crucial to the safety of a technology as is the reliability of the 
equipment. If we are to keep our technological progress 
from backfiring, we must be as clever with our organiza¬ 
tions as we are with our machines. ■ 


Visit our Home Page to find links on the Internet to sources of information related to this article: 

http://web.mit.edu/techreview/ 
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The physician who has written the hook linking $ 
of genetic research will affect our lives. 
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re interviewer’s embarrassment 
was rising by the moment. 
Despite having inserted fresh 
batteries and tested the tape recorder before 
the interview, she couldn’t get the machine to 
work. Almost instantly Victor McKusick, at 
75 the acknowledged founder of modern 
medical genetics, which focuses on the rela¬ 
tionship between genes and human disease, 
dived below his desk. As the time he had 
carved from his packed schedule ticked away, 
he started crawling through a maze of com¬ 
puter cords to try connecting the recorder to 
an electric outlet. McKusick's 

approach to the problem suggested his modus 
operandi: get involved. Indeed, he has thrown 
himself into four overlapping 
careers, beginning in cardiology, 
moving on to medical genetics, 
serving as physician-in-chief at 



Johns Hopkins Hospital, and finally helping 
to organize the international human genome 
project. Today McKusick spends most of his 
working hours updating Mendelian Inheri¬ 
tance of Man, a voluminous bible for 
researchers and doctors concerned with 
human genetic disorders. McKusick started 
compiling the text—which catalogs all 
human genetic sequences linked to particular 
functions, such as the gene associated with 
muscular dystrophy—in the early 1960s. At 
this point the compendium, also accessible 
online, contains some 9,000 entries. The 11 
printed editions serve, as McKusick notes in 
the hard copy’s 1994 edition, as an “archive 
of progress in human genetics in the last 30 
years.” In the 1980s 

McKusick helped to bring about 
the Human Genome Project as a 
member of the National Academy 


INTERVIEW WITH VICTOR MCKUSICK 


TECHNOLOGY REVIEW 47 



INTERVIEW 



of Sciences (NAS) committee that 
evaluated the proposed project to 
determine the makeup of our entire 
code of DNA. During this period 
he also was a founder and the first 
president of the Human Genome Organiza¬ 
tion (HUGO), an international group 
involved in coordinating the effort. Through 
1995 he contributed to a federally spon¬ 
sored group grappling with the ethical, legal, 
and social implications of human-genome 
research. And he indirectly contributed to 
the infamous O.J. Simpson trial by chairing 
the NAS committee that evaluated the use of 
DNA technology in forensic science. 

These are just a few of the tasks McKu- 
sick has handled over the years (he still sees 
patients weekly). And he has seemingly done 
nothing with ennui. “I’ve always enjoyed 
what I’ve done and approached it with great 
zest,” he says; reporters who have seen him 
in action concur. In this spirit McKusick 
writes about human genetics in a chapter of 
Emery and Rimoin’s Principles and Prac¬ 
tice of Medical Genetics : the field “holds 
particular fascination because it involves the 
most fundamental and pervasive aspects of 
our own species.” He continues, “To have 
combined with this intellectual and anthro¬ 
pocentric fascination the opportunity to 
contribute to human welfare and to be of 
service to families and individuals through 
medical genetics and clinical genetics is a 
privilege.” Technology Review senior 
editor Laura van Dam recently sat 
down with a functioning tape 
recorder to ask McKusick where 
medical genetics is going today. 

TR: What are the most important 
trends in research linking genes to 
human illness? 

VMcK: There are three. First, focus has 
shifted from looking at the cause of a 
disorder—the precise genetic defect—to 
the mechanism by which the disease is pro¬ 
duced. As Francesco Ramirez, professor of 
molecular biology at Mt. Sinai School of 
Medicine in New York, has explained, now 
that we increasingly know the why—which 
genes cause certain diseases—we must find 
out the how—how the genetic defects lead 
to particular problems. 


Qfgreat 
excitement is 
the burgeoning 
research on 
complex 
diseases — 
disorders such as 
hypertension and 
cancer that 
involve more than 
one gene. 



TR: Why is it important to look at the mecha¬ 
nism by which the gene acts rather than just 
focusing on how to insert a correct copy of a 
gene? 

VMcK: Despite all the hype about gene- 
replacement therapy, researchers are begin¬ 
ning to realize that it isn’t going to happen 
soon enough for many medical conditions. 
Scientists have had a difficult time designing 
the vectors—the DNA couriers—that carry 
replacement genes to where they need to go, 
and producing genes that both persist and 
function at a high enough level. 

If you know the steps that connect an 
abnormal gene to a disorder, by contrast, 
then you can often intervene along the way 
with appropriate drugs and essentially cure 
the condition. 

TR: Why are researchers only now starting to 
look at the path between genes and disease? 

VMcK: Some researchers have always focused 
on that, but interest is growing because of 
the rapidly advancing state of the human 
genome project, which participants hope will 
be completed by 2005. The public may have 
the impression that when the genome is com¬ 
pletely sequenced—when we have deter¬ 
mined the makeup of all of our DNA—we’ll 
know the whole story. But that point will 
really just mark the end of the beginning. 
Think of the work entailed in determin¬ 
ing the function of the 80,000 or so 
genes in that structure—research that 
will suggest how altered genes lead 
to diseases. 

TR: How do scientists figure out how 
genes work? 

VMcK: One of the main methods inves¬ 
tigators are exploiting is knock-out 
technology. In this technique, scientists 
remove a gene from, say, a very early mouse 
embryo and then see what happens to the 
animal as it grows. If, say, the mouse devel¬ 
ops a disease, the indication is that the gene 
is related to the condition. The technology 
is rather crude, however. For instance, if the 
gene is essential to its early development, the 
mouse may not make it to birth. 

A newer, more delicate technique is 
known as knock-in technology. Researchers 
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can exchange a gene in an embryonic mouse 
with a corresponding gene from another 
species, such as a human. Doing so enables 
investigators to create particular mutations— 
one can, for example, put in the mutated 
hemoglobin gene that causes sickle-cell ane¬ 
mia. Then they can use the transgenic mice to 
figure out appropriate therapy for people. 
Investigators are now testing new drug treat¬ 
ments for sickle-cell anemia in such mice—a 
big advance since in the past humans were the 
only species that could be studied; no other ani¬ 
mals naturally get the disease. 

TR: What are the two other critical trends in 
medical genetics? 

VMcK: The second area of great excitement is 
the burgeoning research on complex diseases— 
disorders involving more than one gene. Until 
recently we have largely studied single-gene dis¬ 
orders. Most of those are pretty rare, although 
there are plenty of them and for the people suf¬ 
fering from them they are very important. Dis¬ 
eases such as hypertension, cancer, asthma, and 
major mental illnesses involve a combination of 
genes, and that’s what researchers are starting 
to try to understand. 

TR: How do multiple genes cause a single 
disease? 

VMcK: Each of these genes tends to be poly¬ 
morphic—it occurs in a number of forms—so 
that throughout a population of individuals 
the gene produces a varying amount of a cer¬ 
tain protein such as an enzyme. If only one of 
the genes produces a somewhat low amount 
of protein, that may not affect an individual 
significantly. But if, say, three such genes do, the 
combination might make an individual suscep¬ 
tible to diabetes, cancer, or high-blood pressure. 
If environmental factors kick in—say, some¬ 
one predisposed to heart disease doesn’t exer¬ 
cise or eat properly—the person will end up 
with the disorder. 

TR: Given that more than one gene has to be 
polymorphic to produce such conditions, I 
would think they’d be more uncommon than 
single-gene disorders. Why isn’t that true? 

VMcK: Think about a disease marked by too 
small a production of several enzymes. Let’s say 
that 20 percent of a population has the form 



iEN PEOPLE ASK ME 
about my attitude 
toward cloning 
humans, I point out that the 
idea is not so novel. In fact, 
I am a clone; a single em¬ 
bryo produced both me and 
my identical twin Vin¬ 
cent (who has 
differed enough 
from me to have 
served as chief jus¬ 
tice of the state of 
Maine’s Supreme 
Judicial Court, 
and to have a mas¬ 
ter’s degree in elec- 
trical engineer¬ 
ing from MIT). 

A question sur¬ 
rounding experimental hu¬ 
man cloning is whether it 
really could be done. 

In fact, humans cannot be 
perfectly cloned. If, for 
instance, a researcher de¬ 
cided to clone Albert Ein¬ 
stein, any such embryo 
would end up in a womb 
that would differ from the 
chemical environment of 
Einstein’s mother. That envi¬ 
ronment would influence the 
offspring. Other differences 
would also arise during 



development. For instance, 
the ridges in the fingerprints 
of identical twins are not the 
same, owing to chance dif¬ 
ferences during that period. 
The same thing happens in the 
brain: as neurons migrate to 
make connections with other 
neurons, by chance 
they may take a left 
instead of a right 
at a fork, or vice 
versa. Human fe¬ 
tuses have many 
opportunities for 
such chance occur¬ 
rences, since they 
remain in the 
womb a relatively 
long time. 

And of course, the experi¬ 
ences that the Einstein clone 
encountered during the de¬ 
velopmental years outside 
the womb would be quite 
different from those that 
Albert encountered. Again, 
this is not a short period: our 
physical maturation takes 
some 15 years or so. 

In the end, we might even 
have a version of Einstein 
who would be nice to his 
wife. ■ 

—Victor McKusick 
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of gene a that produces little of 
enzyme a, and 20 percent of that 
■0 l. 3 group has the form of gene b that 
> "%A;S produces little of enzyme b, and 
20 percent of that group has a 
third gene that produces little of a corre¬ 
sponding enzyme. Multiply these percent¬ 
ages together and the result is 0.8 percent of 
the population—making the resulting disor¬ 
der not terribly rare. 

Single-gene disorders, on the other hand, 
tend to be so disastrous that the individual 
often dies before he or she can reproduce 
and pass the abnormal gene to a new gener¬ 
ation. Single-gene disorders often arise 
through new mutations, which are rare 
events. 

TR: How do scientists uncover all the genes 
involved in complex diseases, let alone deter¬ 
mine the role of each gene? 

VMcK: Investigators still have to find each 
gene one at a time, using the same process 
they employ for a single-gene disorder. But 
mathematicians and computer scientists 
have now devised methods for determining 
whether additional genes beyond those 
already identified are likely to be related to 
a complex-gene disorder. For example, Neil 
Risch, a distinguished biostatistician and 
professor of genetics at Stanford University, 
has proposed several approaches. 

One entails working with genetic “mark¬ 
ers”—known bits of DNA whose location 
on the genome has already been found. 
Risch has extended a long-understood 
notion: that if the same marker is found in 
many affected individuals, researchers can 
deduce that a gene that plays a role in the 
disease lies near the marker. Risch has deter¬ 
mined that the frequency with which pairs of 
siblings with the same complex-gene disease 
have the same marker indicates how much 
of a role the nearby gene plays in the dis¬ 
ease. The statistical findings tell investigators 
whether they have to search for other genes 
elsewhere. The technique is a little mind- 
boggling to someone who’s not a biostatis¬ 
tician but it works. 

As you can see, medical genetics relies on 
contributions from many fields, and it espe¬ 
cially benefits from people who combine dis¬ 
ciplines, for instance, those who keep one 
foot in computer science and the other foot in 
biology. 


TR: And the third trend? 

VMcK: The exciting effort to compare the 
genomes, or entire genetic complexes, of dif¬ 
ferent species. Right now researchers are 
determining the genetic makeup of the 
genomes of the mouse, the fruit fly, a very 
simple roundworm called Caenorhabditis 
elegans, and a variety of bacteria. Several 
bacteria have already been completely 
sequenced, as has the yeast, a relatively 
advanced organism in that each yeast cell 
has a true nucleus. Because computer 
databases now contain genome information 
of various species, including the functions 
of identified genes, scientists can compare a 
particular human DNA sequence with simi¬ 
lar sequences of other creatures. Researchers 
do this when they think they have found, 
for instance, a human DNA sequence with 
the characteristics of a gene, but don’t have 
the foggiest idea about its nature. Using the 
databases, they can see if the human 
sequence closely resembles, say, a yeast gene 
with a known function. 

TR: Why would our genes function like those 
in yeast cells? 

VMcK: Humans obviously need many more 
genes than yeast—probably at least 12 times 
as many—but the fundamental program for 
cells is the same in both species. Consider, for 
example, what happens in a form of colon 
cancer known as hereditary nonpolyposis 
colon cancer (HNPCC). Investigators have 
figured out that this disease occurs because 
of defects in a class of genes called mis¬ 
match-repair genes. Those genes normally 
survey the genome and repair bits of DNA 
upon finding so-called mismatches between 
the two sides of the coiling DNA ladder. But 
a mutation in the mismatch-repair genes 
themselves can cause that check-and-balance 
system to go awry. When the resulting unre¬ 
paired mismatch is in a gene that normally 
suppresses tumors, such as of the colon, the 
result is the development of a cancerous 
tumor. For quite some time researchers 
knew only that mismatch-repair genes 
existed in bacteria and yeast. Then Bert 
Vogelstein, a professor of oncology at Johns 
Hopkins University School of Medicine, 
used a database to check a genetic sequence 
he had isolated from people with HNPCC 
against sequences of other species. He found 
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that the sequence he had isolated was a 
mismatch-repair gene, and went on to 
show that mutations in this and 
related genes could lead to HNPCC. 

TR: Given all these new directions, 
geneticists would seem to have their 
hands full for quite some time. 


VMcK: Oh, but there’s more. Once the 
human genome project nears completion, 
we will have to face the fact that we do not 
know the distribution of various forms of 
genes around the world. That’s important 
for determining what diseases, both infec¬ 
tious and degenerative, particular popula¬ 
tions are prone to. Experts have therefore 
been discussing the idea of a human genome 
diversity project, which would look at gene 
variability. 

Some human-rights groups have reacted 
to the idea with alarm, because early advo¬ 
cates emphasized the notion of sampling the 
DNA of small, isolated populations in the 
Amazon and other out-of-the-way parts of 
the world before the groups disappear. 
Advocates for these groups worried that the 
populations would be exploited or stigma¬ 
tized by the studies. 

But the scientists promoting the human 
genome diversity project have started to rec¬ 
ognize that they should instead focus on the 
rest of us. After all, the main pay dirt won’t 
be found by studying small populations but 
by understanding the larger groups around 
the globe. That information can help 
researchers to determine future health 
prospects of large populations—groups with 
millions of members. 

TR: Don’t researchers already have a sense of 
how different diseases, such as stomach can¬ 
cer, vary across the globe? 

VMcK: To some extent, yes. For instance, we 
have a good deal of information based on 
studies from blood. But to get to the roots of 
disorders we need to examine the genes. 
After all, the variation of genes is related to 
the frequency of complex traits. Different 
populations can have different variations of 
those polymorphic genes I mentioned 
before—the ones that can have multiple 
forms—with the result being varying fre¬ 
quencies of specific complex disorders. 

Of course, as I suggested before, environ¬ 



X? figure out 
the function of 
a human DNA 
sequence, 
researchers can 
compare it with 
similar sequences 
whose functions 
are known in 
other creatures. 


mental conditions also play a role in dis¬ 
ease distribution. Diabetes is a good 
example. One of its two main forms, 
which usually occurs in people once 
they are adult, is often related to obe¬ 
sity. Increasingly sedentary populations 
are more apt to experience this kind of 
diabetes. 


TR: As suggested by some groups’ concerns 
about the human genome diversity project, 
much of the work to tease apart the human 
genome is raising significant ethical issues. 
What systems does society need to develop 
to address the dilemmas? 

VMcK: This may sound simple, but airing 
ethical concerns, such as about the possible 
misuse of genetic information in connection 
with insurance and employment, is half the 
battle. Then, in part, groups such as—get 
ready for a mouthful—the Joint National 
Institutes of Health/Department of Energy 
Committee to Evaluate the Ethical, Legal, 
and Social Implications of the Human 
Genome Project (it’s commonly called ELSI) 
can study the issues and make recommen¬ 
dations to the federal agencies funding 
genome research. 

Moreover, sometimes the examination of 
ethical concerns by groups such as ELSI or 
the American Society of Human Genetics 
may influence governmental regulations. 
For instance, I suspect that as testing for 
genes that predispose people to breast or 
colon cancer becomes possible, the U.S. 
Food and Drug Administration will have 
to ensure the safety and adequacy of the kits 
produced for genetic tests, the accuracy of 
the resulting analyses in clinical laborato¬ 
ries, and the adequacy of genetic counsel¬ 
ing related to the testing. The FDA is the 
logical overseer, since it regulates medical 
products. By, say, publicizing their discus¬ 
sions, outside organizations such as ELSI 
may help spur regulations concerning FDA 
involvement. 

But the problems also go further to 
include the way the results are presented 
and the availability of follow-up counsel¬ 
ing. A health-care provider could inform a 
woman that she does not have a gene pre¬ 
disposing her to breast cancer. In turn, she 
could adopt a laissez-faire attitude toward 
self-checks. Years later she might still end up 
with breast cancer, since the genes now 
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associated with 
breast cancer 
account for a mi- 
no rity of the 
cases of the dis¬ 
ease, and the tumor could 
have developed to a lethal 
stage. Preventing such situations requires 
appropriate education. 



TR: Would that be accomplished by training 
more genetic counselors rather than relying 
on doctors who may not be familiar with 
the nuances involved in discussions concern¬ 
ing genetic risks? 

VMcK: The savvy of all health-care profes¬ 
sionals regarding ethical issues of genetics 
must rise. The situations are going to become 
increasingly commonplace. Every primary 
health-care provider must be prepared to 
provide counseling because, realistically, the 
number of genetic counselors will never be 
large enough to do the job. Genetic coun¬ 
selors will act as the specialists and teachers 
of other medical workers. 

What’s needed is a range of courses for 
everyone, from kids in high school to pro¬ 
fessionals. For instance, the annual “short 
course” in genetics I helped found in 1960 
at the Jackson Laboratory in Bar Harbor, 
Maine, has helped educate several thousand 
medical researchers, doctors, and journal¬ 
ists—people who end up broadcasting what 
they learn to others—about the latest stud¬ 
ies in genetics concerning mammals. Consid¬ 
eration of ethical issues is part and parcel of 
the program. 

You know, when the course started, the 
status of genetics education in medical 
schools was woefully poor. I think that the 
course has had a major impact in changing 
that by educating medical instructors— 
“teaching the teachers.” And efforts to edu¬ 
cate the media are paying off in the kinds of 
discussions of ethical issues we regularly see 
in the press these days. 


TR: Would you go as far as to suggest that all 
medical schools be required to offer a certain 
percentage of genetics-counseling courses? 
Should undergraduate schools and, say, high 
schools have to teach certain topics in genetics? 


VMcK: “Require” is a bad word in terms of 
education, both because it’s hard to do and 



As our 



it’s incompatible with the 
American way of thinking. 
But even without require¬ 
ments, the teaching of genet¬ 
ics at the levels you mention 
is improving all the time. 
Some of today’s top geneti¬ 
cists, such as Leroy Hood, the founding chair 
of the Department of Molecular Biotechnol¬ 
ogy at the University of Washington, recog¬ 
nize the importance of teaching younger peo¬ 
ple about genetics and have begun to help 
public schools develop appropriate courses. 


genetic 
knowledge 
grows, every 
primary health¬ 
care provider 
must he prepared 
to provide genetic 
counseling. 


TR: Some observers worry that genetics may 
actually receive too much emphasis today— 
that laypeople and scientists alike could end 
up lacking training in other biological disci¬ 
plines such as ecology that focus on whole 
organisms and also have broad social 
implications. 

VMcK: Well, genetics isn’t the whole story, 
but work such as sequencing genomes will 
lead us back to other critical fields. Consider 
taxonomy, the classification of organisms, 
which is a discipline important in ecology, 
since ecologists must be able to differentiate 
among many species. The database research 
I referred to is giving taxonomy a new life. 
For example, from genome-sequencing 
work scientists discovered that a form of life 
known as archeobacteria, a group of single- 
celled organisms that survive in harsh envi¬ 
ronments such as oceanic thermal vents, 
represent an entirely new kingdom of life. 
Geneticists determined that the genetic code 
for archeobacteria has key differences from 
all other bacteria, as well as other organ¬ 
isms. And studies of genome variation 
among populations within single species are 
really a form of ecological research, since 
part of that discipline is concerned with 
populations. 

Moreover, the “big-picture” approach 
we’re taking with the human genome pro¬ 
ject will likely extend to most other kinds 
of biological research in the future. By the 
way, we should remember that genetics is 
just a part of the picture that in one way or 
another we need to understand fully, for the 
world’s betterment. In this era of growing 
scientific sophistication and ethical dilem¬ 
mas, people need to learn to look through 
a variety of lenses to understand what’s 
happening.* 
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Without a Car in the World 



i 



bum rides, but life 


Is sweeter when 






By Jane Holtz Kay 


I HE trumpet sounded from eighth row center at a Washington University 
lecture hall in St. Louis five years ago. It was early in my explorations for 
the book that would become Asphalt Nation , and I was happy preaching 
to the choir. Or, I should say, to fellow passengers; for the students at the 
architecture school were already on the same trip. They knew intuitively, if not 
literally, the design formulas that I recited from the podium—for example, that 
every motor vehicle required building an ancillary seven parking spaces to hold it 
at rest. They realized that big chunks—some 30 percent—of our cities were hard- 
topped in service to the car’s voracious appetite. And they knew how that trans¬ 
formed the built environment into a grim “carchitecture.” 

The students absorbed my other arguments on the broader compass of America’s 
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At times , /Mng car-free took some doing. I learned to carry two books at a time 
instead of four, and to allow extra time to get to the movies or visit my mother. 



car costs: financial, social, and environ¬ 
mental. They comprehended the motor 
vehicle’s economic toll—$6,000 a year in 
personal costs and another $4,000-$5,000 
in “invisible” ones borne by the public. 
They were startled by the health and envi¬ 
ronmental hazards of driving, from the 
more than 120 fatal accidents a day to 
habitat destruction and global warming. 
They had experienced the inconveniences 
of congestion and playing chauffeur, of 
parking and driving for miles to get a quart 
of milk. The room darkened and they 
chuckled at the slides of cartoons and 
auto-mated mayhem. 

Then the questions started pouring 
forth. Toward the end of the evening came 
the telling one: “Do you own a car?” And 
with it my confession: Yes, I did. 

Of course I did. With my first child I 
had bought my first car. In fact, I had 
recently purchased a new one, my third 
Saab—the most “environmental” one, 1 
supposed, but a car nonetheless. 

With that question, I knew I had to sell 
my private chariot. I realized that to 
explore the options or preach the message 
of car-free living, it was incumbent on me 
to be earless or, in the vernacular of the 
activists, “ de-vehicularized. ” 

I knew, too, I would assuredly hear the 
question again from others, believers and 
skeptics alike. More important, I knew I 
had to learn the answer firsthand. If I 
couldn’t function without a four-wheeled 
vehicle, I would have to alter my book’s 
subtitle, How the Automobile Took Over 
America and How We Can Take It Back. 

A month later, my car was on the block 
at the dealer. I was car-free with cash in 
hand. And damn the consequences. 

So what were the consequences? 

Since this is a truth walk, I will offer 
another confession. Much as the image of 
martyrdom appeals, shedding the car was 
no ordeal. From the beginning, I had scant 
trouble adjusting to my nonmotored life. 

Jane Holtz Kay is architecture/planning critic 
for The Nation and author of Asphalt Nation: 
How the Automobile Took Over America and 
How We Can Take It Back ( CrowmApril 1997). 


And as the months wore on the pluses far 
outweighed the minuses. For me, at least, 
it was easy to be car-free. 

For one reason, I live in a dense, urban 
neighborhood of Boston. I work down¬ 
town. I walk. My office, my friends and 
family, my entertainment and medical care 
are reachable by mass transit or on foot. 
Messenger services are available, and taxis 
can often fill the breach. My grown daugh¬ 
ters have moved away—one overseas, the 
other to transit-rich New York. The 
supermarket delivers; the fruits and veg¬ 
etables I carry home belie the profession¬ 
alism of my briefcase but fit snugly inside. 
And because Boston holds many people 
who walk or take public transportation, 
services have sprung up to cater to their 
needs. This isn’t Manhattan, with its 24- 
hour everything, but it is a city. Its neigh¬ 
borhoods and shops ease a hassle-free, less 
car-dependent life. 

At times, it took some doing, I’ll con¬ 
cede, and some thinking. I switched tailors. 
I learned to carry two books or two grape¬ 
fruits at a time instead of four, to allow 
extra time to get to the movies or visit my 
mother. I traded chores for occasional 
rides and, sometimes, made friends and 
enriched trips with shared driving. At 
times, I abandoned a venture to some 
more distant place or used phone or mail 
order. Was it a sacrifice to reorganize or 
reduce my movement? A bit. But it was 
pure pleasure to forgo trips to the repair 
shop or the tow lot, or expeditions to the 
mall encased in a ton of rolling steel. Over¬ 
all, I simplified my life. I saved time. 

One spring day early in my car-free life, 
a new friend took me on a ride to trace the 
geography of my childhood and child- 
rearing days in my home town of Brook¬ 
line, Mass. In only 10 minutes, we tra¬ 
versed the arc of my life ... by the court¬ 
yard apartment where I grew up in an 
intimate, sidewalk community ... up a hill 
to the small house on a dead-end street 
where I raised my children . . . past the 
home of my high school days, paces from 
my classroom. In short order, we had 
swung by the library, the corner store, the 


town swimming pool, my sister’s house. 

You have lived your life in such a small 
space, my friend, a planner, said thought¬ 
fully. 

“Small,” I mused. It had seemed uni¬ 
verse enough. Not small at all to a child on 
foot. Not small to an adolescent or a 
young mother. Not in the detail, the 
change, the shifting drift of streets, the 
palette of tree and vegetation, the variety 
of architecture, the scale of windows, the 
ornament adorning facades. Each locale, 
each corner, each doorway had meaning 
and actuality. Each segment had a rich and 
diverse presence as I walked from store to 
school to playground. To me, the arc was 
large as life: it was built at a walker’s pace, 
and paced it I had. Its mobility was the 
pedestrian’s—shifting, evolving, engaging 
eye and mind. 

How different 
from carbound 
America’s hyper¬ 
mobility and its 
blur of passing 
faceless places. 

“Houston is the 
modern world par 
excellence,” the 
architect Daniel 
Solomon writes in 
his book ReBuild- 
ing. “The young 
man who drove me 
to the airport says 
he lives 30 miles 
from school, a one- 
hour drive each 
way. His 2'/ 2 -year- 
old truck has 78,000 
miles on it and he 
hasn’t been any¬ 
where. Fifty times the 
Odyssey, eight 
times the travels of 
Marco Polo, how 
many hundreds of 
times the walks of 
Leopold Bloom? And 
with what density of 
experience, what 
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learned in his 78,000-mile journey?” 

Not long after my hometown tour, a 
young German intern in my office gave me 
a Netherlands Friends of the Earth study 
of the motorized planet: the environmen¬ 
talists calculated that to apportion the 
mileage of drivers in the industrial nations 
across the global population would allow 
each planet member only 400 motorized 
miles a year. A mere 400 miles! The 
thought was staggering. “How could we 
move?” I asked a friend. She responded 
ruefully that her daughter wouldn’t be able 
to live in California. On the other hand, 
her daughter would be within walking or 
biking range. My friend’s options were at 
once contracted and enlarged. Mine had 
been, too. 

Travails of Travel 

For all the conveniences of my home life, I 
soon found that moving around the wider, 
car-dependent country took commitment. 
When I ventured outside of my 


pedestrian-friendly city to give a speech to 
conservationists in Yonkers, N.Y.—some 
200 miles south of Boston—I understood 
what deviation from the motorized norm 
meant. 

My trip began with a rocky three-hour 
Amtrak ride to Stamford, Conn., followed 
by a 45-minute car ride with my host to 
the venue of the speech. There I met my 
daughter, who had come a dozen miles by 
mass transit from Manhattan. None of 
this was terribly arduous. The worst of it 
came on the return voyage. 

My hosts had assured me that I could 
take public transportation back to Man¬ 
hattan. One member of the audience 
offered to drive us to the nearby train sta¬ 
tion. Alas, as 11 p.m. approached, the sta¬ 
tion’s bleak environs unnerved her. Instead 
she drove us to the “safe” bus stop on a 
lonely Yonkers arterial and dropped us 
off. Across the street from our perch, a 
pizza parlor glowed lifelessly in the dark. 
The sidewalks were mostly deserted. Cars 


passed; one slowed down ominously. 
Twenty anxious minutes later, we handed 
over the $7 fare for a 30-minute bus ride to 
New York City. Near midnight, we dis¬ 
embarked and caught a cab to my daugh¬ 
ter’s apartment. 

From doorway to doorway, I had spent 
eight hours transporting myself. 

But whatever the wearisome aspects of 
walking and mass transit, of being viewed 
by skeptical friends as an eccentric Mary 
Poppins wafted by air, I had an easy 
answer to any predicament in my car-free 
life. In the back of my brain I carried the 
mantra of “$6,000,” the amount I was 
saving each year by eliminating the 
expense of a car. And this figure, now 
$6,500, according to the Automobile 
Association of America, continues to rise. 
A distant doctor’s appointment, a delivery 
charge for groceries or pizza, a cab here 
or there, paled in comparison to the cash 



The author makes her way 
around Boston on foot and 
by public transportation, 
saving, she says, $6,000 a 
year in personal costs and 
up to $5,000 in the “invisible 
costs of automobile travel 
borne by the public. ” 
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’90s, only 22 percent of our vehicle miles 
are used for commuting, and only 8 per¬ 
cent for vacation travel. The rest is 
errands, recreation, chauffeuring unli¬ 
censed family members. This realization 
alone should be enough to envision a bet¬ 
ter life without a motor vehicle. 

A different set of wheels, the bicycle, can 
often take up the slack or eliminate one of 
the two or three cars in half our house¬ 
holds. Some enthusiasts bike through 
truck-ridden, traffic-clogged mazes. Oth¬ 
ers see bicycling as promoting personal 
and planetary fitness as they perform, 
say, the 40-mile daily round-trip from 
Dover, Mass., to downtown Boston 
taken by Douglas Foy, head of the car- 
battling Conservation Law Foundation. 
Pleasure, politics, and the opportunity to 
save time motivate economist and trans¬ 
portation activist Charles Komanoff, 
who keeps five bicycles (for different 
weather and terrain) on hand for family 
odysseys from Manhattan. 

But you don’t have to be fanatical to 
join the 9 percent of the nation’s house¬ 
holds (largely poor) that don’t own a 
car or the 30 or 40 percent of the 
population deprived of driving 
because they are too young, too old, 
or too disabled. As one pedestrian 
advocate tells me, most of the time 
when people dispense with their 
horseless carriage, it’s through 
happenstance. The buggy gets too 
old to move another mile. The 
parking gets too tedious. Money 
is short. Sometimes 


some in public costs of motor registry ser¬ 
vices, land consumption, congestion, acci¬ 
dents, and on and on. 

In the five years since I began work on 
Asphalt Nation, my car-free lifestyle has 
begun to look less oddball. Awareness of 
the automobile’s social, economic, envi¬ 
ronmental, and architectural mischief has 
risen. Congestion, the most obvious symp¬ 
tom, grows as we travel ever more. So does 
the realization that our 5 percent of the 
planet’s population owns close to half the 
world’s cars, carrying with that ownership 
50 percent of the blame for the automo¬ 
bile’s destruction of habitat and contribu¬ 
tion to global warming. 


utility 
vehicle) 
to buy a 
Popsicle. 

Most drivers 
don’t realize the hours spent behind 
the wheel on “shop ’n’ drop.” They 
think they use their car mainly to get to 
work and take vacations. Since two- 
thirds of all Americans live in metropoli¬ 
tan areas, and spend ten 40-hour weeks a 
year driving to work, that sounds reason¬ 
able. But the big picture is sobering. 
According to the Nationwide Personal 
Transportation Study done by the U.S. 
Department of Transportation in the early 


there’s that other car in the garage. 
Michael Eberlein, coordinator of nonmo- 
torized travel at Michigan’s Department of 
Transportation in car-locked Lansing, 


Roads to Freedom 


What motivated me, and 
what does and could power 
others, was an awareness 
that I would no longer be 
forced to shuttle a mini¬ 
mum of 2,000 pounds 
(3,000-plus in a sports 


Many people want to escape from this 
ruinous path. Friends now envy my car- 
free condition, though they remain stub¬ 
bornly dubious of their own capacity to 
emulate it. And indeed, after three-quar¬ 
ters of a century of catering to the car, their 
reluctance is understandable. How do peo¬ 
ple change? How can we reduce 
the average 11,000 miles per year 
that Americans drive each of their 
200 million motor vehicles? 
Unquestionably, we can improve 
our carbound lot. Personally and 
politically, as I have learned, we 
can lessen our dependency on 
the automobile. 


benefit of almost $20 a day I got from 
chucking my car. And, of course, I was 
practicing what I preached—and learning 
from the experiment. 

Besides my own private gains, I was sav¬ 
ing society almost that much in hidden 
costs, some in the form of pollution and 
environmental defilement; 
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Staying car-free can mean coaxing a neighborhood shop to stock a 
missing item instead of driving to a megastore some distance away. 



reduced his household to one car for 
financial reasons. “We were trying to find 
the extra $6,000 and couldn’t,” he says. 

At first, the newly car-free gripe, and 
feel guilty about cadging rides. They some¬ 
times learn to rent cars or take cabs, but 
otherwise frame their days on the human 
mobility of walking or bicycling. If they 
are lucky and live in a dense urban or old 
suburban area, they can take advantage 
of mass transit. The 80 percent of Man¬ 
hattanites who do not drive endorse the 
saying that a car is “more trouble than 
it’s worth.” They walk or they ride the 
omnipresent rail and bus system allowed 
by places whose land patterns—densely 
settled, walkable—and commitment to 
public transportation sustain it. The back¬ 
pack, the walker’s constant companion, 
doesn’t replace a “roomy interior,” but it 
does help. 

Opting for homes closer to a core—that 
is, accepting less house for the money— 
can save both time and transportation 
costs and offers the public life of parks, 
shops, and libraries. Living near a 24-hour 
store without a car is a money-saving 
proposition compared with driving to the 
superstore. Think again: does the Wal- 
Mart save you $6,000 a year? Then there 
are the extra parking spaces—the drive¬ 
way and the garage—adding to the price 


Jane Holtz Kay takes a 
shortcut through a building 
to save time during her 
daily commute. And she 
uses a briefcase to carry 
groceries as she makes 
her way around town. 


of a home. Finally, driving (at $1 a mile, by 
some estimates) from ever-more-distant 
suburbs compounds the expense. In the 
end, the cost equation changes mindsets. 
In fact, in California, the Bank of America 
has lowered its mortgage rates for those 
who cut down on cars and live in non¬ 
sprawling communities. The trend to such 
“location-efficient” mortgages grows. 

Even car-bound consumers consigned 
to exurbia by work can find options for 
becoming less car-dependent. Businesses 
and institutions have begun to supply vehi¬ 
cles for parents to use in emergencies, pro¬ 
vide chits for public transportation, orga¬ 
nize car pools, and refund money to those 
who don’t use their parking facilities. (The 
subsidy of free parking, like the subsidy of 
tax-supported highway infrastructure, tilts 
the balance to being car-dependent.) Para- 
transit—vans that loop through industrial 
zones or transport elderly and disabled 
people—can help. So can messengers and 
taxi systems; the tighter the land pattern, 
the greater the possibilities. Communities 
in Canada and Germany, as well as a few 
in the United States (including Eugene, 
Ore., and Boston), have instituted the car¬ 
sharing system: pay a fee and you have 
access to an automobile in a nearby park¬ 
ing lot. Just make a reservation, retrieve a 
key from a safe-deposit box, take a ride, 
and return the car. 

Work options like telecommuting also 
stand high on some lists of solutions for 
lessening autodependency. Telecenters, 
urban “villages” where telecommuters 
share facilities and space near their homes, 
have opened nationwide. 

The Personal Becomes Political 

Yet futurists who project declining auto¬ 
mobile travel as a result of telecommuting 
fail to reckon how small a number of 
telecommuters now exists (3 percent of the 
population), how small a percentage of 
miles is racked up by the commute, and 
how large a percentage is needed for 
errands in sprawling suburbs. The stay-at- 


homes still pass their days performing the 
personal trips that run annual mileage into 
five digits. Only if we solve the land-use 
issue—designing and preserving compact 
neighborhoods—can we make telecom¬ 
muting really count. 

Some car-free citizens have worked to 
such an end by trying to make their com¬ 
munities more walkable, in the process 
turning the personal into the political. For 
Chris Bradshaw, president of OttaWalk, 
a pedestrian advocacy group in Ottawa, 
staying car-free means fighting to preserve 
the community center or the blockfronts 
of small stores, and battling for a public 
“bare-pavement” policy to keep sidewalks 
free of snow. Such services and institutions 
make “trip-chaining”—the traffic engi¬ 
neer’s word for performing serial 
errands—feasible on foot. To Bradshaw, 
too, staying car-free means coaxing a 
neighborhood shop to stock a missing item 
instead of driving to a Big Box store on 
the periphery. 

For others, enhancing a car-free exis¬ 
tence may mean stopping a road widen¬ 
ing or extension that would bring traffic 
and threaten the pedestrian. Simple tactics 
such as widening sidewalks, building speed 
bumps, and planting trees to slow mo¬ 
torists can reduce the danger to walkers. 
Providing a safe route for a youngster to 
walk to school can eliminate two car trips 
per family per day. Approaching school 
committees or politicians raises the likeli¬ 
hood of success. Again, the personal 
becomes political when those who value 
walkable and bikable neighborhoods par¬ 
ticipate in zoning decisions to allow mixed 
commercial and residential development; 
when they fight to retain or add a street¬ 
car route; when they lobby for more and 
better buses. 

Efforts like these are multiplying as car- 
free advocacy groups grow in number and 
solidarity. The months-old WalkAmerica 
alliance already embraces more than 10 
organizations. Advocates for greenways 
and bike routes, such as Transportation 
Alternatives, ally with environmental asso- 
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Get Your Game Down 
to a Science 


The Physics 
of Baseball 

by Robert K. Adair 

Former “Physicist 
of the National 
League, “ Robert 
K. Adair explains 
the physics 
behind pitching, 
batting, and the 
flight of the ball, from why curve 
balls curve to how cork affects a bat. 
Paperback, 110 pages, $11.00 

Keep Your Eye 
on the Ball: 
The Science & 
Folklore of 
Baseball 
by Robert G. Watts 
& A. Terry Bahill 

Become an expert 
on the science of 
baseball! Engi¬ 
neers Watts and Bahill put some of the 
sport’s most cherished myths to the test 
of scientific scrutiny. You’ll get answers 
to questions like: Could Sandy Koufax’s 
curve really have acted like it “fell off 
a table”? And why does a well-pitched 
knuckle ball silence so many bats? 
Paperback, 213 pages, $12.95 
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Tennis Science 
for Tennis 
Players 

by Howard Brody 

Physicist Howard 
Brody explains how 
to win more points 
and add to your 
enjoyment of the 
game by taking 
advantage of the laws of nature. You’ll leam 
how to match equipment, strokes, and strat¬ 
egy to improve your game. 

Paperback, 150pages, $19-95 

New Rules 
For Classic 
Games 

by R. Wayne 
Schmittberger 

If rules are made 
to be broken, 
then dust off 
those old games 
lying dormant in 
your closet, because your game playing 
just got a lot more exciting! New Rules 
for Classic Games, by games expert R. 
Wayne Schmittberger, is a complete guide 
to hundred of new twists and variations 
guaranteed to expand and enliven your 
game repertoire. 

Paperback, 245pages, $9-95 
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ciations such as the 1000 Friends of Ore¬ 
gon, the Environmental Defense Fund, or 
the Sierra Club. Across the political spec¬ 
trum, trolley and train fans are uniting 
with opponents of highway boondoggles. 
Many activists are engaged in the fight to 
retain the nation’s six-year-old Intermodal 
Surface Transportation Efficiency Act 
(ISTEA). The act, which directs 50 per¬ 
cent of federal transportation funds to 
nonhighway uses, comes up for renewal 
this fall. 

Perhaps the broadest front on which to 
combat car dependency is economic pol¬ 
icy. Automobile travel is heavily subsi¬ 
dized by local governments’ underwriting 
of streets and roads, federal funding of oil 
wars (Desert Storm), and the hidden costs 
of the car-generated infrastructure that 
breeds sprawl. Hence there are many 
opportunities to curtail car use through 
the cash register. Our artificially low gas 
price of $1.25 or so is a quarter of Japan’s 
or Europe’s $4 to $5, which includes taxes 
to cover social and environmental costs. 
By paying the true cost of petroleum, other 
countries spend half the 20 percent of 
GDP that Americans spend on the private 
car (according to the Institute for Trans¬ 
portation and Development Policy in New 
York City) and can thus afford decent 
public transportation. 

Stop subsidizing cars, and solo driving 
will go down while carpooling, cycling, 
and mass transit will rise, enhancing the 
car-free life. We can pay at the pump or 
pay in excise taxes or registration fees. 
Congestion pricing—charging more on 
roads and bridges during peak periods, as 
is done in Norway and Singapore—works 
well. So would a carbon, horsepower, or 
gas-guzzling tax: a nickel-a-mile surcharge 
would cut car travel (and hence automo¬ 
tive smog) 10 percent while reducing con¬ 
gestion 30 percent, according to research 
by economist Komanoff. 

These are the choices our society must 
make collectively. If our culture rejects 
automobility, or hypermobility, as its 
Manifest Destiny, the car will be a servant, 
not a master. We have alternatives to a 
car-bound existence. People can live in 
places not encrusted with asphalt, improve 
their daily existence, establish a stronger 
sense of community, and know that they 
are advancing global well-being. For me, 
the long journey began with the footsteps 
toward a car-free life.® S 
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U echnology Is to Science as 

Female Is to Male.” 

This title caught my eye as I 
leafed through a recent issue of 
Technology & Culture, the journal of the 
Society for the History of Technology. 
Ruth Schwartz Cowan had chosen the 
theme for her presidential address—partly 
in jest but mostly in earnest—and if her 
goal was to startle and attract attention, 
in my case she certainly succeeded. 

Parts of the speech I read with cautious 
interest. I stress the word cautious, because 
when it comes to the subtleties of feminist 
theory, I am not totally at ease. But what I 
understood to be the main point of the 
essay struck me with great force. This is 
the “subsumption thesis,” the idea that the 
most significant aspects of technology have 
been subsumed under the discipline of sci¬ 
ence. It follows that if science includes 
technology (as “man” is sometimes said 
to include “woman”), it is, by implication, 
a larger and more important topic. 

One might say that this is merely a mat¬ 
ter of semantics; but the fact is that words 
have tremendous force and implication. 
For example, some upholders of academic 
tradition scorn “women’s studies” on the 
grounds that women are merely a subset of 
“mankind.” A similar belittlement of engi¬ 
neering is implied each time the profession 
is called “applied science.” The conse¬ 
quences in public image and, yes, in dol¬ 
lars—grants, salaries, and the like—are 
only too real. 

To Cowan—who is a historian as well 
as a feminist—this concept is doubly irk¬ 
some. In academe the study of technology 
was long viewed as merely a part of the 
history of science, and a not very impor¬ 
tant part at that. For decades, efforts to 
get leaders of the History of Science Society 
to pay more attention to the history of 
technology were unavailing. Rather than 
suffer continuing condescension, several 
technology specialists in 1957 decided to 
form a society of their own. 

As it is with the historians, so it is with 
the practitioners. Engineers have long 
struggled to show that they constitute a 
learned profession, entitled to be treated as 
independent and equal partners with the 
community of scientists. The National 
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Subsumed 
by Science? 

e notion that 
technology is a mere 
subset of science 
pervades the media 
and our culture. 
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Academy of Sciences (NAS) was estab¬ 
lished by congressional charter in 1863; 
the National Academy of Engineering 
(NAE) not until 1964. But even the cre¬ 
ation of the NAE, important as that was, 
did not signal anything like true parity in 
authority and prestige. 

Hardly a day goes by in which I am not 
reminded of the biases and misconceptions 
that prevail. National Public Radio airs an 
excellent weekly program devoted to sci¬ 
ence and engineering; they call it “Science 
Friday.” I am a trustee of a wonderful 
museum of science and technology that 
bears what I consider an improperly 
abbreviated name: the New York Hall of 
Science. The New York Times publishes a 
special section every Tuesday covering 
many of the latest developments in science 
and technology. They call it “Science 
Times.” This section recently carried an 
article on the “Shrinking Transistor” in 
which the word “scientist” appeared 
repeatedly, “engineer” not once. An 
accompanying photo of Jack Kilby, one 
of the most prominent engineers of our 
era, identifies him merely as “the first to 
carve multiple transistors onto a single 
wafer of semiconductive material.” The 
first what? 



Among engineers, such slights give rise 
to frustration verging on paranoia; but at 
least, having read Ruth Cowan’s essay, I 
can now assess our problem more accu¬ 
rately than before. Engineers are not 
merely being ignored, insulted, or sub¬ 
jected to unfair prejudice. We are being 
subsumed. 

The feminist analogy is helpful: Just as 
women should be considered equal part¬ 
ners with men in the human enterprise, 
engineering deserves respect and attention 
equal to that accorded science. But if car¬ 
ried too far, the analogy begins to confuse 
instead of clarify. Even the most biased 
historian cannot claim that technology 
began as part of science, as woman is 
sometimes conceived to have come from 
Adam’s rib. Engineering was an estab¬ 
lished craft for centuries before the dawn¬ 
ing of modern science. Even today, engi¬ 
neers agree that intuition, practical expe¬ 
rience, and artistic sensibility are at least as 
important to their work as is the applica¬ 
tion of scientific theory. 

As Cowan reaches the end of her essay, 
she suggests that we might solve our prob¬ 
lem by concentrating on the ways in which 
science and technology are “similar, con¬ 
nected, united.” But while this approach 
may help ensure equality of the sexes, it 
will not work as well for science and engi¬ 
neering, where the differences are at least 
as significant as the similarities. Einstein, 
with no practical end in view, sought to 
learn the ultimate nature of the far-flung 
universe; the Roeblings designed and built 
the Brooklyn Bridge to help people keep 
in closer touch—commercial as well as 
social—with their neighbors. 

In his book The End of Science, John 
Horgan claims that while scientists loftily 
seek what is True, engineers merely seek 
what is Good. He means this as a put- 
down for engineering, but I take it as a 
compliment. I don’t mind being challenged 
to defend what I do. I just don’t want to 
be—what was that word again?—oh, 
yes—subsumed. ■ 


SAMUEL C. FLORMAN, a civil engineer, is 
the author of The Existential Pleasures of 
Engineering, recently reissued in a new edition. 
His latest book is The Introspective Engineer. 
He can be reached at scf97@aol.com. 
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A ctivities in this book 
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how toys work on earth and 
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dren acquire language, lucid¬ 
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children learn it, how it changes, how the 
brain computes it, and how it evolved. 
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and delicious to eat! Clear step-by-step pho¬ 
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VERYONE knows that technology 
and the changing requirements of 
employers are making unskilled 
workers an endangered species, 
right? That without at least some college 
education, workers in the U.S. economy 
on the eve of the millennium—especially 
persons of color—are doomed? It’s a good 
story, and the storytellers are well meaning. 

Only it’s not quite so. 

According to a recent report by the U.S. 
Bureau of Labor Statistics (BLS), relatively 
low-skilled positions accounted for most 
of the wage-and-salary employment cre¬ 
ated in the United States between 1983 
and 1993. BLS defines such jobs as those 
that “can be learned quickly and that gen¬ 
erally do not require post-secondary edu¬ 
cation.” Moreover, projections based on 
BLS’s Occupational Outlook Handbook 
conclude that for the period 1992-2005, 
two-thirds of the fastest-growing occupa¬ 
tions will call for no more than a high- 
school degree. 

None of this says that education is unim¬ 
portant—that would be foolish. Nor is it 
inconsistent with the finding by Harvard 
University economist Ronald Ferguson that 
racial differences in math and language 
skills, as measured by standard written 
tests, correlate strongly with the gap 
between the earnings of black and white 
youth. What the findings do say is that the 
alleged disappearance of low-skilled job 
opportunities in America has been greatly 
exaggerated. 

Not only exaggerated, but misunder¬ 
stood. It turns out that what employers 
seem to want most from new workers is 
not academic credentials but rather evi¬ 
dence that the person has acquired basic 
skills and is able and willing to learn on the 
job. Recent studies support this point of 
view. Michigan State University economist 
Harry Holzer found from a survey of 
nearly 3,000 employers in four metropoli¬ 
tan areas (Los Angeles, Detroit, Boston, 
and Atlanta) that entry-level jobs are open 
to people with varied backgrounds. For 
hiring into jobs containing tasks that 
involve daily reading and writing, arith¬ 
metic, use of computers, or dealing with 
customers, Holzer found that companies 
typically want no more than a high-school 
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diploma, some experience, or prior train¬ 
ing and references. 

A survey of another 3,000 companies 
nationwide by the U.S. Census Bureau 
yielded similar conclusions. Employers 
seeking to fill new jobs, and to fill vacan¬ 
cies in existing jobs, put relatively low pri¬ 
ority on the candidates’ years of schooling, 
test scores, or teacher recommendations. 
What matter far more are the applicant’s 
attitude, communication skills, and rec¬ 
ommendations from previous employers. 

Which brings us to a companion myth. 
It is by now well known that earnings 
inequality widened considerably during 
the 1980s (and continues to do so). In par¬ 
ticular, the wages of low-skilled workers at 
the bottom of the ladder fell drastically 
behind the average. Most economists 
believe that a major explanation for this 
trend has been a tendency for newly 
installed technology to require high-skilled 
workers to operate it. But new studies by 
economist David Howell and others paint 
a picture inconsistent with this theory. 
Between 1980 and 1990—the decade of 


growing income inequality—there was no 
change in the mix of skills to be found 
within specific occupations. The pace at 
which jobs are becoming more skill-inten¬ 
sive has not accelerated. 

At the base of this flawed analysis is the 
perception of technology as primarily skill- 
demanding rather than as skill -enabling. 
The conventional wisdom assumes that a 
new technology-intensive task, such as 
navigating the World Wide Web or oper¬ 
ating a computer-controlled printing press, 
requires that workers have the requisite 
skills coming into the job. 

Some managers do impose such require¬ 
ments. But they don’t have to. I have seen 
barely computer-literate secretaries learn 
on the job to maneuver around the Inter¬ 
net. And at a Chicago-based company 
printing children’s books in a spanking new 
plant on the Mexican border, I observed 
young men and women barely off the farm 
training—again, on the job—to operate 
state-of-the-art printing equipment. The 
user-friendliness of the software combined 
with the understandable fears of unem¬ 
ployment motivated the unskilled workers 
to get the most from the technology. 

Moreover, it is impossible to know in 
advance exactly what sort of worker skills 
and backgrounds will be best suited to 
gaining the most out of a new technology. 
Typically, it is the existing work force, with 
its existing abilities, on whom the new tech¬ 
nologies are tried. The most adaptive com¬ 
panies are those whose managers and 
workers learn the most from such trials. 

If the wages of poorly educated workers 
are falling, we need to look for explana¬ 
tions other than technology. After all, the 
same technologies have penetrated factories 
and offices in Europe and Asia, yet nowhere 
outside of the United States have low-end 
wages fallen so far and so fast. Clearly, the 
relationship between technology and job 
skill is a lot more complicated than the pub¬ 
lic has been led to believe—and full of 
opportunities as well as pitfalls.* 


BENNETT HARRISON teaches urban policy 
and economics at the New School for Social 
Research in New York (benh@tiac.net). His lat¬ 
est book, Workforce Development Networks 
will be published later this year by Sage. 
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By Christopher Thomas Freeburn 


Save the Helium 



A swing of 
the congres¬ 
sional budget 
ax has killed 
the strategic 
helium reserve, 
even though public 
and private 
research depends 
on steady supplies 
of the element. 


T O most people he¬ 
lium is the gas that 
makes children’s bal¬ 
loons float and voices sound 
like Donald Duck. In the last two years, 
however, helium became a focal point 
in the messy political struggle to down¬ 
size the federal budget. Last year, 
Congress and President Clinton acted to 
sell off the federally maintained helium 
reserve. 

Critics have ridiculed the helium 
reserve as a white elephant left over from 
the days of World War I dirigibles. Rep¬ 
resentative Christopher Cox (R-Calif.) 
labeled the reserve a “poster child of 
government waste.” President Clinton 
originally called for the helium reserve 
program’s improvement as part of his 
“reinventing government” proposals. 
Ultimately, however, Clinton sided with 
congressional Republicans, labeling the 
reserve “an anachronism” and calling 
for its elimination. 

In the swirling winds of political 
rhetoric, however, the government may 
have acted precipitously. Helium has 
unique properties that make it irreplace¬ 
able for science and industry. As the only 
element that does not freeze solid— 
remaining liquid even at just a fraction 
of a degree above absolute zero (-460 


degrees Fahrenheit)—helium is essential 
for a variety of uses that require extreme 
cold. According to the American Physi¬ 
cal Society, the reserve’s elimination will 
lead inevitably to U.S. shortages of 
helium and disrupt scientific and indus¬ 
trial research. 

The United States is home to rich nat¬ 
ural reserves of helium, mixed with 
methane in the gas fields of Texas and 
Wyoming. U.S. companies recover more 
than 3.3 billion cubic feet of helium 
every year. In 1996, the U.S. consumed 
2.4 billion cubic feet of helium and 
exported another 970 million cubic feet 
of the gas. Because of the slim margin 
between production and consumption, a 
reserve is crucial to provide consistent 
supplies. 

According to the American Geologi¬ 
cal Institute, the federal government uses 
approximately 300 million cubic feet 
(MCF) of helium a year on space, mili¬ 
tary, and civilian research. NASA, for 
example, has found helium essential for 
purging and pressurizing the fuel tanks 
of spacecraft because it is the only elem- 


ment that remains a gas at the extreme 
cold necessary to maintain the liquid 
hydrogen fuel used in many rockets and 
the space shuttle. 

A host of industries have become sim¬ 
ilarly dependent on a consistent, ex¬ 
panding, supply of low-priced helium. 
Heavy users include superconductivity 
researchers, who use 172 MCF of 
helium a year. One of the major appli¬ 
cations of superconductors—magnetic 
resonance imaging for medical diagnos¬ 
tics—consumes another 440 MCF. Gas- 
tungsten arc welding, taking advantage 
of helium’s inert nature, employs the gas 
to protect metal from oxidation, creat¬ 
ing demand for about another 460 
MCF. Helium is also valuable for detect¬ 
ing leaks from even the most micro¬ 
scopic cracks and pores in sealed con¬ 
tainers such as fuel tanks and the “clean 
environments” of electronics fabrication 
facilities. Other emerging technologies 
that depend on helium include fiber¬ 
optic production, which demands an 
ultra-pure inert atmosphere, and Joseph- 
son junctions—liquid helium-cooled 
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your goals. I can catalyse your 
best thinking. 

You will get clarity, reassur¬ 
ance, direction, self-confidence. 
Results! More money, power, 
achievement, productivity, leis¬ 
ure time, better family relations, 
whatever is important to you. 

My clients are the proof. And 
they’ll be pleased to talk with you. 



Challenge me now. Call me to 
explore what I can do for you. 
No charge to explore and no 
obligation. 

Your success is my business. 
Why Wait? Call me. Right now. 


MIT, SM in Management 

"The Dr. Spock of the business world "— National 
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Originator of Dial-A-Decision^ to give you 
immediate Results regardless of distance. 


Call 


now. 


617 - 868-4447 

Riva Poor, Management Consultant 
73 Kirkland St., Cambridge, MA 02138 
617-868-4447 Dept.TR-3 


©1980 Riva Poor. 


Forum 


superconducting microswitches that are 
faster and more energy efficient than 
today’s semiconductors. 

Congress created the strategic helium 
reserve in 1925 mainly to ensure a 
steady supply of helium for military 
applications such as dirigibles. In 1960 
the program was expanded to include 
refining and storage facilities and a per¬ 
manent stockpile. The reserve now holds 
32 billion cubic feet of the gas in an 
abandoned natural gas cavern called the 
Cliffside Dome near Amarillo, Tex. To 
create the reserve, the Department of the 
Interior and the Treasury offered the 
reserve a $252 million loan to purchase 
the needed helium supplies, mostly from 
private natural gas refineries, to be 
repaid in 25 years. But sales of helium 
to private industry have not generated 
enough revenue to repay the loan and 
accumulated interest. The result is a $1.4 
billion “debt” owed by the reserve to the 
U.S. Treasury. 

Critics of the helium reserve have cited 
this debt as a measure of the reserve’s 
inefficiency. But this is misleading. The 
so-called debt is an accounting formal¬ 
ity, owed by one agency of the federal 
government to another; it could be writ¬ 
ten off without significant consequence 
to the federal budget, according to the 
General Accounting Office and the 
Department of the Interior’s inspector 
general. 

Nevertheless, the Helium Privatiza¬ 
tion Act of 1996, introduced by Rep. 
Cox last September, moved through 
Congress with speed rare for a measure 
killing a federal program, and President 
Clinton promptly signed it into law. The 
bill instructs the secretary of the interior 
to eliminate all federally operated helium 
refining activities and to dispose of all 
equipment and facilities. By January 1, 
2005, the Department of the Interior is 
to begin selling all remaining helium 
reserves. 

In a concession to scientists and advo¬ 
cates of the helium industry, the bill also 
requires the National Academy of Sci¬ 
ences to study the sales of the helium 
reserve to determine if the reserve’s elim¬ 
ination will hurt U.S. industry. The Sec¬ 


retary of the Interior is also directed to 
monitor the sale of helium from the 
reserve to ensure that the sale of so much 
of the gas does not disrupt the commer¬ 
cial helium industry. 

By eliminating the reserve, the federal 
government, which consumes nearly 75 
percent of the gaseous helium market, 
has placed itself at the mercies of the 
market. Private markets often see peri¬ 
odic shortages and supply swings; with¬ 
out a guaranteed supply, NASA and 
other government agencies might find 
themselves forced to bid against private 
concerns for limited supplies, whose 
prices would be driven considerably 
higher in times of shortage. This rise in 
helium prices may wind up costing the 
government more in the long term than 
it would have to maintain the helium 
reserve. 

It may be possible to reach a compro 
mise position between those who favor 
abolishing the reserve and those who 
seek to protect it. Organizations such as 
the American Physical Society do not 
oppose privatizing the reserve per se, so 
long as it is not destroyed. If the federal 
government, burdened by budgetary 
problems and bureaucratic sprawl, is no 
longer willing to manage the reserve, it 
could be turned over to some form of 
private partnership involving helium 
suppliers organized to preserve and 
administer the stockpile. 

The federal government could imple¬ 
ment such a partnership easily enough 
by forgiving the helium reserve’s artifi¬ 
cial $1.4 billion debt and seeking the 
participation of private suppliers. Those 
suppliers have an interest in keeping the 
reserve-—if only to prevent the market 
price of helium from plunging in the 
wake of a wholesale sell-off of the stock¬ 
pile. Such a partnership would ensure 
the nation a steady supply of helium 
while still satisfying the desire of con¬ 
gressional budget hawks to shrink the 
federal government. ■ 


CHRISTOPHER THOMAS FREEBURN is a 
writer based in Tuckahoe, N.Y., who covers sci¬ 
ence, technology, and the environment. 
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Critiquing Online 
Communities 


Ihe Wired Neighborhood 
by Stephen Doheny-Farina 
Yale University Press, $25.00 


BY NORMAN WEINSTEIN 

E ver since science fiction writer 
William Gibson coined the term 
“cyberspace,” computer users 
have struggled with the notion of 
what exactly that “space” means. For 
example, as I sit at a keyboard in Idaho 
preparing to send my review into this 
“cyberspace,” I can visualize what states 
it might cross, but I know that it will not 
travel through pathways mimicking inter¬ 
state highways or continental air routes. 
The e-mailed manuscript seems to inhabit 
such a non-specific, disembodied, and 
abstract space that I think of Gertrude 
Stein’s description of Oakland, Calif.— 
“there is no there there.” 

That troubling uncertainty about the 
meaning of cyberspace inspired Stephen 
Doheny-Farina, professor of technical 
communications at Clarkson University, 
to write a curious book. The author’s the¬ 
sis, plain and simple, is that global com¬ 
puter networks are enhancing our isolation 
from one another, and that the growth of 
virtual communities is leading us away 
from the kind of neighborhood activism 
needed to restore decaying infrastructures 
in our real-life communities. He proposes 
trying to counter this tendency through 
net-bound neighborhood action forums. 
Defining himself in his preface as neither a 
“techno-utopian” nor a “neo-Tuddite,” he 
pledges to chart a middle way through 
computer network communications. 

It seems like a promising stance. After 
all, many authors highly critical of the 
social consequences of communications 
technologies appear to suffer from ideo- 
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logical baggage. For example, consider 
James Brook and Ian A. Boal, editors of 
Resisting the Virtual Life , who see new 
technologies in light of their ability to 
maintain social injustices within capital¬ 
ism. Other writers are prey to sloppy 
overgeneralizations, like Clifford Stoll, 
whose Silicon Snake Oil defines electronic 
communication as “illusionary contact.” 
As for boosters of the new technologies, 
they are guilty of their own styles of too- 
loose or too-rigid thinking. Futurist 
George Gilder thinks computer technol¬ 
ogy will mystically contribute to the over¬ 
throw of matter, while cyber-philosopher 
and scientist Nicholas Negroponte would 
divide the world’s population into those 
“wired” and those not as blessed. 

But the difficulty is that while Doheny- 
Farina claims to neither valorize nor 
demonize technology, he very much per¬ 
sonifies and scapegoats it. He writes of 
“powerful cultural trends” that 
are “seducing” us into “technological 
immersion.” The “seduction” motif 
occurs throughout this book, as do other 
romantically charged terms. In his open¬ 
ing chapter he tells us that once we begin 
to “divorce ourselves” from “geographi¬ 
cal place,” we “further the dissolution of 
our physical communities.” 

In fact, the basic assumption that on¬ 


line communication means cutting our¬ 
selves off from our neighborhoods is itself 
worth noting. Proof? The author offers 
none. Instead, he constantly reasserts his 
monolithic opinion that the net “does not 
make the home into the center of our 
public and private lives but eliminates the 
center,” and that as a result “all centers— 
work centers, school centers, and living 
centers—become less and less relevant.” 
It is as if the act of turning on one’s PC 
cancels out the freedom to explore all 
places other than those glowingly and 
symbolically present on the monitor. 
Indeed, for a writer who proposes on-line 
community activism as the chief worthy 
use of communications technologies, 
Doheny-Farina has a curiously passive 
view of human nature. People are 
depicted as helplessly drowning in waves 
of technological invention. 

Building Up Expectations 

Perhaps the most serious problem with 
The Wired Neighborhood lies in its fail¬ 
ure to develop a clear and comprehensive 
way of talking about the qualities of com¬ 
puter-mediated communication and how 
they affect us. But this failure deserves to 
be shared with the scientific and business 
communities that reap the financial 
rewards of selling processes and products 
shrouded in mystification. The on-line 
industry does build up user expectations, 
no doubt quite unrealistically. A physi¬ 
cian friend once told me he quickly tossed 
out one company’s startup disc, which 
was packaged in an envelope enjoining 
him to “go on-line and change your life 
now!” “I don’t have time to change my 
life now,” he ruefully noted. Yet how 
many others would find such a repeated 
invitation tantalizing? Since his writing so 
closely resembles that of a disappointed 
lover, I suspect Doheney-Farina once was 
drawn in by such a utopian prospect. 

We need to step back and take a look 
at the language we use to describe our 
experience with cyberspace. What does 
it mean to be “wired,” to live in a “vir¬ 
tual” community, to be “net savvy”? 
“Science and technology multiply around 
us,” writes science fiction author J.G. Bal- 
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lard. “To an increasing extent they dictate 
the languages in which we speak and 
think. Either we use those languages, or 
we remain mute.” That quote, marginal¬ 
ized in a field of neon-yellow ink in a 
recent issue of Wired , typifies the sort of 
statement that cries out for critical exam¬ 
ination. Who says that we must use sci¬ 
entifically and technologically approved 
languages or become speechless? Why 
can’t PC users invent their own lan¬ 
guages, or subvert the existing ones? 

The truth is that this might be happen¬ 
ing already. Wired magazine regularly 
publishes a glossary of emerging com¬ 
puter jargon, for example. Doheny- 
Farina also would have done well to 
investigate some of the recent research 
into the differences between face-to-face 
and on-line communication, like the 
work of social psychologists Sara Kiesler, 

'technology* 
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James Siegel, and Timothy W. McGuire. 
Their tentative conclusions suggest that 
while wired communication encourages 
less self-regulation and more impulsive 
behavior than face-to-face interaction, it 
does lead people to try out a multitude 
of novel problem-solving perspectives, 
which could contribute to a sense of con¬ 
nection among users. Such insights might 
have helped the author think about net 
communication from a less strictly place- 
centered perspective. 

They might have brought him down to 
earth a bit as well. Are we poor humans 
now so incapable of distinguishing sym¬ 
bolic from flesh-and-blood, face-to-face 
social exchanges that we require academic 
authorities to remind us of the uniqueness 
and value of real-world intimacy? I think 
not. As I write this review, my dog rubs up 
against my ankle. She needs a walk, and 
the “virtual” neighborhood isn’t where 
we will do that. The computer monitor is 
adjacent to my study window. I see my 
neighbors walking their own pets, or get¬ 
ting ready for the commute into work. 
The 15-inch monitor doesn’t block my 
view of the neighborhood—it supple¬ 
ments it. However immersed I become in 
what I see on my monitor, the window 
and dog locate me in a non-virtual world. 

More significantly, really knowing 
one’s neighbors—whether literal neigh¬ 
bors or on-line neighbors—is arduous 
work. A better book would have devel¬ 
oped a conceptual framework within 
which both face-to-face and computer- 
mediated relationship building could be 
critically explored. Such a book would 
have been broadly interdisciplinary, 
drawing upon various arts and sciences 
that concern themselves with communi¬ 
cation. What can dramatic literature 
teach us about how various styles of self- 
expression convey rootedness or alien¬ 
ation? What can theology teach us about 
ways of communicating with invisible 
beings? How can social psychology, fol¬ 
lowing the lead of Kiesler, Siegel, and 
McGuire, develop a framework for 
understanding the differences between 
wired and unplugged communication? 
There may he “no there there” in 
cyberspace, but many on-line communi¬ 


cators do report a sense of emotional and 
intellectual bonding. Whether that will 
translate into the hard work of strength¬ 
ening our actual neighborhoods... who 
can tell? I do know that it is time to turn 
this computer monitor off, walk the dog, 
and greet the neighbor who I just 
glimpsed through my window.B 

NORMAN WEINSTEIN is a poet and critic whose 
most recent book is A Night in Tunisia: Imaginings 
of Africa in Jazz (Limelight Editions, 1992). 
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Inside the 
Bomb Factory 


Nuclear Rites 
byHughGusterson 
University of California Press, $39-95 


BY PAUL ROGAT LOEB 


w: 


Fhat is it like to design weap 
ons of mass annihilation? 
How do the people who pro¬ 
duce such weapons justify their 
work? MIT anthropology professor 
Hugh Gusterson spent two and a half 
years at the Lawrence Livermore Labs, 
where scientists have been creating 
atomic weapons since 1952, and his 
book Nuclear Rites addresses those ques¬ 
tions. Gusterson began as a nuclear peace 
activist, then was struck by how much 
he personally liked a Livermore scientist 
he debated. Nuclear Rites works to view 
the researchers as complex human beings 
rather than as caricatured Dr. Strange- 
loves, and examines how they form their 
identities as bomb designers. 

Central to Gusterson’s task is a look 
at Livermore’s ethos of secrecy. Security 
checks, which emphasize the scientists’ 
membership in a rarefied community, 
buttress their pride in their skill, knowl¬ 
edge, and patriotism. But at the same 
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time, such measures frequently push 
them to monitor their actions and police 
themselves against suspect behavior, like 
attending the meetings of peace activists. 
Formal and informal rules also prevent 
Livermore scientists from discussing their 
work with outsiders, including their own 
spouses. One wife never found out about 
her husband’s project until she sat in on 
his interview for the book. 

Gusterson goes on to point out that the 
nuclear tests the Livermore scientists 
supervise are critical rites of passage, 
strengthening community ties. The act of 
surmounting the massive technical obsta¬ 
cles these tests present reinforces partici¬ 
pants’ shared assumption that atomic 
weapons, if handled competently, are 
controllable. And this sense of mastery 
carries over to the political and military 
context in which the bombs are to be 
used. For the scientists, in other words, 
nuclear tests supply a “symbolic simula¬ 
tion” of the “system of deterrence itself,” 
Gusterson writes. In fact, many Liver¬ 
more scientists regard their bombs as 
such a powerful deterrent that they 
believe they will never be used, and thus 
differentiate their work from the produc¬ 
tion of conventional military technologies 
like napalm. Some even marched in 
1960s antiwar protests or opposed Rea- 
gan-Bush environmental policies. 

Yet whatever their beliefs, Livermore 
scientists focus less on political matters 
than on the satisfaction of meeting techni¬ 
cal challenges. Designing nuclear weapons 
piques their scientific curiosity. They have 
the privilege of working with highly intelli¬ 
gent colleagues in what one described as 
“the ultimate toy shop” of state-of-the-art 
equipment. They avoid having to genu¬ 
flect to academic or corporate bureaucra¬ 
cies. And they channel their passion for 
invention into what Gusterson calls “a 
source of binding energy”—something 
capable of holding them together even 
when outsiders question their mission. 

Other studies of atomic weapons 
facilities—including New York Times 
science writer William Broad’s Star 
Warriors, novelist Grace Mojtabai’s 
Blessed Assurance, and my own Nuclear 
Culture —have described a similar mix 



of political silence and technical passion, 
and a similar sense of a world apart. But 
Gusterson raises some new issues. Most 
significantly, he reports that most of the 
scientists he talked to mentioned the 
potential human impact of their bombs 
only in passing. Perhaps because they 
have concentrated so intensely on 
demanding and ever-changing technical 
specifications, they seem to have con¬ 
verted the bodies onto which their 
weapons might land into what he calls 
“a set of components that undergo 
mechanical interactions with blast waves 
and glass fragments.” 

Embracing Vulnerability 

Gusterson maintains that such a sense of 
abstraction is key to enabling people to 
develop bombs. To illustrate his point, 
he contrasts the responses of three sci¬ 
entists who witnessed aboveground 
nuclear blasts. The first embraced his 
work with unalloyed enthusiasm and 
described the bomb’s impact as “im¬ 
pressive” and “interesting ... a very 
spectacular result.” The second des¬ 
cribed the blast as “just stunning,” but 
then acknowledged a “very heavy feel¬ 
ing,” a physical sense of foreboding that 
brought forth continuing misgivings 
about his work. The third scientist, 
though he witnessed a smaller blast from 
just as far away, described crouching 
over, terrified, and feeling his heart beat 
as he urinated in his pants. Although this 


man could talk the technical talk as well 
as any of the others, he felt physically 
frail when faced with an actual nuclear 
explosion. That sensation eventually led 
him to stop working on such weapons. 

What makes Gusterson’s preoccupa¬ 
tion with the scientists’ detachment espe¬ 
cially interesting is that it allows him to 
arrive at a new understanding of their 
opponents. If those who carry out the mis¬ 
sion of labs such as Livermore need to 
repress a gut feeling of vulnerability, those 
who question that mission are more or 
less required to embrace it, in his view. 
Otherwise the lab’s business becomes, to 
quote one scientist, “no stranger than 
making vacuum cleaners.” As Nuclear 
Rites perceptively notes, doctors helped 
spearhead the Reagan-era nuclear peace 
movements not only because particular 
individuals, like Helen Caldicott, were 
charismatic, but also because they 
offered a countervailing expertise to that 
of the weapons strategists. They pro¬ 
vided credible, specific details about the 
horror of potential cataclysm, and helped 
us imagine the physical impact of a typi¬ 
cal bomb on actual human beings. They 
helped shift public discussion of the arms 
race from technical abstractions to the 
potential of global annihilation. 

Unfortunately, Gusterson fails to 
acknowledge that the peace movement is 
built on more than personal fear. Activists 
I interviewed for my book Hope in Hard 
Times consistently stressed that terror of 
their own death by atomic fire was not 
driving them: they knew they’d die one 
way or another at some point. Rather, 
what stirred their hearts was the unprece¬ 
dented threat to the world they expected 
to leave behind. Although Caldicott and 
others may have brought many to the 
movement by taking them into the eye of 
the nuclear hurricane, grassroots activists 
say they persisted because of their sense 
that they are responsible for something 
larger than themselves. 

But probably the most serious short¬ 
coming of Nuclear Rites is that Guster¬ 
son does not distinguish between 
respecting people’s narratives and abdi¬ 
cating judgment on critical moral issues. 
He repeatedly undercuts his insights 
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with academic theories that suggest it’s 
impossible to find clear right and wrong 
in the actions of either the weapons 
designers or their opponents, only 
“competing regimes of truth,” as French 
philosopher Michel Foucault says. One 
moment Gusterson dissects the ways 
that Livermore’s weapons designers 
silence any qualms in the face of their 
community’s cultural pressures. The 
next he cites theorists like Jacques Der¬ 
rida and Jean-Francois Lyotard, who 
resist the very idea that there could be an 
absolute definition of morality or truth. 
Or he quotes the notion of anthropolo¬ 
gists Mary Douglas and Aaron Wil- 
davsky that environmental activists 
respond less to real ecological threats 
than to socially conditioned trigger 
points based on their own background. 

It’s a strength of the book that Guster¬ 
son likes the weapons designers. With¬ 
out his empathy for his subjects, he could 
hardly have understood them as well as 
he does. Still, the actions undertaken at 
Livermore and other institutions in Amer¬ 
ica’s atomic archipelago have had human 
consequences that go beyond ideology, 
conditioning, or cultural creation. Maybe 
the Livermore bomb designers are right, 
that America had—and has—no other 
course. Maybe they are wrong, as I 
strongly believe, and blinded by their 
investment in their work. But to imply 
that all we can do is observe how people 
create contending belief systems is simply 
to ignore the question. 

We indeed live in a time of compet¬ 
ing ethical frameworks. Nevertheless, 
shared bases for discussion do exist— 
like the duty to avoid causing human 
pain and to alleviate that pain whenever 
possible. Such ethical touchstones don’t 
furnish unequivocal prescriptions: Liver¬ 
more’s scientists would argue that their 
weapons, far from causing pain, actually 
prevent it by maintaining the stability of 
deterrence. But the theories Gusterson 
seems to favor too often enshrine the 
uncertainties and ambiguities of our 
time, so that none of us need act on our 
convictions. This useful book would be 
still better if it had a clearer and stronger 
moral voice. ■ 

PAUL ROGAT LOEB is the author oJlMuclear 
Culture (New Society Publishers), Generation at 
the Crossroads (Rutgers University Press), and the 
forthcoming Soul of a Citizen (St. Martin’s Press). 


A Bone to Pick 

“A Window on Arthritis” (MIT 
Reporter, TR October 1996) by David 
Brittan claims: “If you can walk, bend 
an elbow, or flex your fingers without 
debilitating pain, you have proteogly¬ 
can to thank. This is the gel-like material 
that gives cartilage 90 percent of its stiff¬ 
ness.” In making the only measurements 
of the stiffness of human cartilage in 
vivo, my research group has found that 
joint stiffness is due primarily to the 
pressurized fluid in the cartilage, not 
proteoglycan. When a person walks, the 
highest cartilage pressure is 750 pounds 
per square inch (psi). When he or she 
rises from a low chair or descends steps, 
the pressure can approach 2,800 psi. 
Because the proteoglycan contributes 
less than 150 psi to cartilage stiffness in 
these instances, its role in joint support 
is very small. Instead, the proteoglycan 
is vital in reabsorbing the fluid squeezed 
out of the cartilage by joint loading. We 
can thank this pressurized fluid for sup¬ 
porting the joints and precluding arthri¬ 
tis, which occurs when bone rubs on 
bone. 

Robert W. Mann 
Whitaker Professor Emeritus 
Biomedical Engineering 
MIT 



What Comes Up... 

The January 1997 issue of Technology 
Review ironically contains managing 
editor Sandra Hackman’s “Winning 
through Cooperation: An Interview 
with William Spencer,” head of Semat- 
ech, and Jacob Park’s book review of 
Scott Callon’s Divided Sun: MITI and 
the Breakdown of Japanese High-Tech 
Industrial Policy. Sematech and MITI 
are large, government-sponsored con¬ 
sortiums of semiconductor manufactur¬ 
ers. However, while Sematch thinks that 


it has not reached its growth peak, MITI 
has passed its heyday and is now in 
decline and disgrace. I believe that 
Sematech will follow MITI’s path. A 
descent would have nothing to do with 
national policies; it is simply inevitable. 

We should remember that most of 
today’s successful large companies were 
once small; they prospered and 
expanded because their competitive 
nature was healthy and conducive to 
growth. Sematech started out big and 
will remain that way only as long as it 
continues to make winning decisions 
However, since Sematech has never 
faced a competitor, except for MITI, it 
has yet to learn how to fend for itself. 

To stay ahead, the United States needs 
many small businesses in competition, 
instead of one large firm or consortium, 
such as Sematech, deciding on the 
approach for the industry and the coun 
try. MITI exerted this type of influence in 
Japan and, owing to some bad politically 
motivated decisions, led that country to its 
decline in the semiconductor industry. 

Lydon S. Cox 
Address Withheld 

The Economics of Child Labor 

The problem of childhood labor dis¬ 
cussed by Langdon Winner in “The 
Destruction of Childhood” (TR Novem 
ber/December 1996) could be alleviated 
by financially supporting all the world 
children so that they could attend school 
instead of working. However, since a 
child’s job is often a major financial 
component of an entire family’s survival, 
the family would also have to be subsi¬ 
dized. Here we go with a global welfare 
system. Before sounding the trumpet of 
the righteous, Winner should have con¬ 
sidered that the United States passed 
laws against child labor only after it 
could afford to do so. 

William G. Denhard 
Reading, Mass. 

Lessons from Science Museums 

Anyone who has spent significant time 
in science museums must echo Larry 
Bell’s assertion in “Scientist for a Day" 
(TR February/March 1997) that they 
offer a rich form of informal education. 
Indeed, many of the researchers I know 
attribute their initial engagement with 
science to time spent during their youtf 
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at New York’s Mu¬ 
seum of Natural His- 
® tory or the San Fran¬ 
cisco Exploratorium. The chal¬ 
lenge for U.S. educators is to 
make the science-museum experi¬ 
ence available to those children 
who are not regularly taken to 
museums. 

Teachers and administrators 
also need to think of science museums as 
resources on which they can readily draw. 
First, they must feel comfortable at muse¬ 
ums. Second, they should be able to 
absorb lessons from the installations and 
museum guides’ explanations, and try to 
utilize or adapt them in the classroom. 

Science-museum staff also need to 
prepare and update their exhibitions 
according to the local, state, and 
national educational standards that are 
emerging in the sciences and mathe¬ 
matics. To the extent that exhibits can 
be tied to these standards, educators 
(and parents) will find them of great 
interest and help. If, however, muse¬ 
ums develop exhibitions that do not in 
some way incorporate the new stan¬ 
dards, then their often elegant wares 
will continue to speak only to a small 
privileged group, rather than to the 
nation’s children. 

Howard Gardner 
Graduate School of Education 
Harvard University 
Cambridge, Mass. 


I heartily agree with Bell that the only 
way to engage children’s interest in sci¬ 
ence is with hands-on experimentation. 
As the mathematician Jules-FIenri 
Poincare said about a century ago: “Just 
as houses are made of stones, so is sci¬ 
ence made of facts; but a pile of stones 
is not a house and a collection of facts is 
not necessarily science.” 

In most U.S. elementary schools, study¬ 
ing science is equated with memorizing 
facts. This approach is dry and boring 
and eventually turns children away from 
science. When children become involved 
in doing things, however, their curiosity 
is peaked and they gain scientific skills 
and knowledge in the process. 

Avi Ornstein 
Educational Director 
Little Scientists 
Ansonia, Conn. 
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You’re Boxed In 

Your career is blocked. You're frustrated 
and insecure. Time is going by and things 
aren’t getting better. 

You need to find a better way. You need 
new objectives for yourself and new strategies 
for achieving your objectives. 

That's my job. I am a management con¬ 
sultant, specializing in change, and I have 
helped hundreds get out of that box and onto 
a more satisfying career and life path. 

Call me to explore what I can do for 
you. There's no charge, no obligation, to 
explore. Don't wait. Call me now. 

Private programs. Also 
2-day weekend workshop 
(See page 64 for details) 

Riva Poor 

73 Kirkland Street 
M^aoZen r M Cambridge, MA 02138 
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Singles Network 

Single science & nature enthusiasts 
are meeting through Science Connection. 

For info call: 1-800-667-5179 
e-mail: 71554.2l60@compuserve.com. 


Markeiing Technology Produces 

For the manager, developing and marketing new 
products in a timely fashion is the number one 
priority, and challenge. Benefit from my 25 years of 
business experience - call Paul Blainlock 
Tel: (540) 989-5785 
all information held in strict confidence. 


*$200-$500 Weekly* 

Mailing phone cards. No experience necessary. 
For more information send a self-addressed 
stamped envelope to: Global Communication, 
P.0. Box 5679, Hollywood, FL 33083 


Date someone in your own league. 

Graduates and faculty of MIT, the Ivies and Seven Sisters 
meet alumni and academics. 

The Right Stuff. 

1-800-988-5288 


Inventions Upon Demand 

(Intellectual Property Creators) 

Group of MIT senior scientists with backgrounds from 
MIT, Raytheon, Technion, Battelle, etc, with proven track 
records and multidisciplinary backgrounds provide cus¬ 
tomized inventions to clients. If you need a product, we 
can invent it for you. Our team is responsible for 200+ 
new products and processes (most patented) in the mar¬ 
ketplace. Clients include several Fortune 500 and many 
smalt firms. We provide low or high tech innovative and 
proprietary solutions to difficult and “insoluble” prob¬ 
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Write: Invent Resources, Box 548, Lexington, MA 02173 
Tel.: 617-862-0200; Internet: rsilver@world.std.com 
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PRODUCT DEVELOPMENT 


Artisan has over 20 years' experience 
providing electronic product solutions 
for unique OEM applications. Artisan 
can be your design AND 
manufacturing single-source for... 



• Evaluation of original design concepts 

• Analog/Digital Hardware Design 

• PCB Layout and Fabrication 

• Embedded Systems 

• Software Design and Implementation 

• Electronic and Mechanical Design, 
Packaging, Assembly, and Testing 

• Prototyping and Initial Production Runs 
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INDUSTRIES INC. 


ARTISAN INDUSTRIES INC. 
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Fax (617) 647-0143 
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Joe Qualitz, Ph D. 75 


NEW AUTHORS 

PUBLISH YOUR WORK 

ALL SUBJECTS CONSIDERED 
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AUTHORS WORLDWIDE INVITED. 

WRITE OR SEND YOUR MANUSCRIPT TO 

MINERVA PRESS 
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frees Make a World of Difference. 
Trees make our cities and neighborhoods 
more liveable. They create quiet places to 
enjoy, give wildlife a home, and increase 
property values. 

This year, plant Trees for America. For 
your free brochure, write: Trees for America, 
The National Arbor Day Foundation, Ne¬ 
braska City, NE 68410. 
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TRADVERTISING@MIT.EDL! 

Include issue date and choose either the 
POSITIONS OPEN, POSITIONS NEEDED, MEETINGS 
or ANNOUNCEMENTS category. Technology 
Review will typeset the ad and provide you 
with a cost estimate. 


i 

Visit 7'jR’s Online Carter Center at 

http://web.mit.eda/tecbreview/ 

All Career Classifieds and Recruitment Ads 
will appear on Technology Review’s 
World Wide Web Home Page for FREE. 


Electromechanical 

Systems 

Scientist/Engineer 

Technical Manufacturing Corporation 
(TMC), a leader in providing vibration iso¬ 
lation solutions to the semiconductor 
industry and physical sciences, is seeking 
experienced in electromechanical and 
servo design. The candidate should be well 
motivated and willing to work on develop¬ 
ing new product concepts, theoretical, elec¬ 
tronic, and mechanical design through pro¬ 
totype and testing. Abilities sought include 
analog and/or DSP circuit design, and 
mechanical CAD experience. Strong hands- 
on mechanical ability also desired. Your 
work may also involve travel and product 
support in the field. 

TMC offers competitive benefits and is an 
equal opportunity employer. Please send 
resume to: 

Human Resource 

Technical Manufacturing Corp. 
15 Centennial Drive 
Peabody, MA 01960 
TEL (508) 532-6330 
FAX (508) 532-2241 


Information 
Technology & 
Management 
Consulting 

We are a fast-growing firm that combines IT 

and Management Consulting. Ifyow... 

• Understand the power of IT, and want to 
apply it to business problem solving 

• Have graduated from a top academic 
program (Masters or PhD preferred) 

• Can visualize complex systems 

• Have 3+ years of experience in project 
management 

• Are looking for a fresh, fast-moving 
company with exceptional opportunities 

We invite you to find out more about us: 



Princeton Consultants 

www.princeton.com 


cr Trust US. 

Technology Review was voted #1 in the category of 
“The Most Credible” (and, not to boast, but also 
#6 in the category of “The Most Objective” )* 

Our readers are devoted 

Average years as a subscriber: 11 years 

Our readers have clout 

73% are professionals/managers 

Our readers have smarts 

91% have at least one college degree 


Technology Review magazine... 
the country’s most authoritative 
and respected technology magazine. 


*Opinion Lowers Survey 1994; Erdos & Morgan /MPG 
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You’ll Discover^ 
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New About* 


At Amgen, research is our focus, but people are our inspiration. 

Which is why individual contributions arc valued. Diversity is 
respected. And at Amgen, your knowledge and skills bring unique 
rewards. Not only will your work serve critical advances in health¬ 
care, but you'll discover unlimited potential for achievement. With 
over 17 years of award-winning discovery behind us, Amgen emerges 
today as the world s leading biotechnology company. Discover 
Amgen, and you'll discover a world of opportunity at our state-of-the- 
art headquarters in Thousand Oaks, California - uniquely located 
about one hour from both Santa Barbara and downtown Los Angeles. 

If you are seeking a full-time career opportunity or a summer intern¬ 
ship, and your degree is in Biochemistry, Chemistry, Biology, 

Nursing, Chemical Engineering or a related discipline, please mail or 
fax your resume to: 

Amgen Staffing, 

Attn: SD-COL, 

MS 24-2-C . 

1840 DeHavilland Drive, 
Thousand Oaks, CA 91320 

Fax: (805) 498-8131 

We recognize that diverse perspectives are a key 
factor in the process of discovery 

Visit our web site at www.amgen.com to learn about 
other career opportunities. Principals only, please. 


: fctU’AA EmpVnir M/F/D/V 


AMGEN 



ask again . 


CV£ry cUiW besf 

opportunities UPe U*is to oPPer. 
ESfed^dVy yours. 

Op C0Ur$€, tUe CAM oP Uer 
playing pro^nsketb*)! are a lonj 
sUot. buf tUe chances are more 
I in 4 tU*t your b^by isn't 
protected a$al*& cViMUooaA 
A\$eases like polio, ***eades, cUicken 
pox, tet<nnuS a*A ofUcrS. 

So, even iP you re su re your cUiU 
up to Aa+e a*A on sct\e<*ule witU 
shots, asV 


Give her a shot to dribble on something other than your kitchen floor . 
Make sure she gets her baby shots now . 


re 


sure 





Visit the TR 
Online Career 
Center 

for listings 
and links 
to a wide range 
of job-hunting 
resources 

http://web.mit.edu/techreview/ 
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The Massachusetts Institute of Technology Sloan School of Management, 
Institute Tecnologico de Estudios Superiores de Monterrey (ITESM), and 
Universidad Catolica de Chile are pleased to announce: 


THE EXECUTIVE 






November 9-21, 1997 in Boston, Massachusetts 


This 12-day intensive program, held at MIT, is designed to meet the needs of 
senior line managers and executives for an up-to-date understanding of global 
management trends and practices and their successful application in a Latin 
American context. 


FOR INFORMATION: 

Elizabeth Martin 

MIT Sloan School of Management 
50 Memorial Drive, E52-101 
Cambridge, MA 02142-1347 
Telephone: (1-617) 253-7166 
Fax: (1-617) 252-1200 
email: sloanexeced@mit.edu 

Nicolas Majluf Sapag 

Pontifica Universidad Catolica de Chile 

Campus San Joaquin 

Av. Vicuna Mackenna 4860 

Casilla 306 Correo 22 

Santiago - Chile 

Telephone: (56-2)686-4272 

Fax: (56-2) 552-1608 

email: nmajluf@ing.puc.cl 


Nicolas Hendrichs Troeglen 
ITESM - EGADE 
Av. Eugenio Garza Sada 2501 Sur 
Col. Tecnologico 

Monterrey, N.L. Mexico. C.P. 64849 
Telephone: (528) 328-4283 
Fax:(528)328-4265 
email: nhendric@campus.mty.itesm.mx 
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mars & co 

• we are a strategy consulting firm serving 
top management of leading corporations; 

• since our inception in 1979, we have chosen 
to work for a limited number of leading 
international firms with whom we build 
long-term relationships; 

• we apply fact-based,quantitative analysis to 
competitive problems and get involved in the 
implementation of our recommendations; 

• we develop consultants with cross-industry 
and cross-functional experience; 

• we promote from within; 

• we are looking for well-balanced recent 
graduates with exceptional and demonstrable 
quantitative abilities and language skills 

to join at an entry level; 

• if you wish to join our team, please send 
your resume to francine even at “mars plaza” 
124 mason street, greenwich, Connecticut 06830. 


V 




•pans - london - new york - san francisco 









new 



erchandise 

ily* 


*2 patents every 24 hours. 


Working 'round the dock to bring you fresh Bell Labs innovations. 

Just in: New Internet Telephony Servers. Enable calls over Net using 
ordinary phones/faxes (elemedia'" adds great sound). 

Plus, 56 Kbps modem chip sets. Can make accessing Net over regular 
phone lines 2 x faster. Also in stock: better-sounding wireless systems; 
new longer-range cordless phone. More breakthroughs on the way. 
(Tomorrow, the day after, etc.) 


Lucent Technologies 

*•" L * b * Innovation, 


ui/u mo i 
Murray Hill, n. 
http: //vvwi 




©1997 Lucent Technologies 


We make the things that make communications work." 


